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Abstract for the description of the machine (SMF, for Standard Ma-
A software environment for accelerator modeling has bee?ﬂme Format),. a collection gthysics I[brarles and a!:’erl
ellthat provides a homogeneous interface for integrat-

developed which includes the UAL (Unified Accelerator> . ;
ing and managing these components. Currently available
physics libraries include TEAPOT++, a collection of C++

Library), a collection of acceleratgrhysics libraries with

a Perl interface for scripting, and the SXF (Standard ex2ys! .
change Format), a format for accelerator description Whicl?'nhySICS modules conceptually derived from TEAPOT [2],

extends the MAD sequence by including deviations frorﬁ?oliZLIB 53]’ a d'lﬁ‘elr(intlal algebra package for map gen-
design values. SXF interfaces have beeittem for sev- eration and manipuration. . .
eral programs, including MAD9 and MADS via the doom UAL has already been used to build up a realistic model

database, Cosy, TevLat and UAL itself, which includegf the Relativistic Heavy lon Collider (RHIC) where mea-
Teapot++. After an overview of the software we describ ured field and alignment data are automatically read from

the application of the tools to the analysis of the LHC lat? relational database and applied to individual elements

tice stability, in the presence of alignment and coupling efn the machine [4] [5]. It has been used to model CESR

rors, and to the correction of the first turn and closed orbf”lnOI is being used, as we will describg in thg foIIovying,
in the machine. for the LHC. Access to the UAL suite is provided via a

Perl-basedshell environment. Each UAL project (RHIC,
CESR, LHC, etc.) has developed a set of Perl modules
1 INTRODUCTION which provide a user friendly means of calling the ensem-
The modeling of large accelerators such as the LHC r&le of UAL programs, e.g., correction procedures, particle
quires a sophisticated, flexible and powerful modeling softracking via TEAPOT++ or differential algebra and map-
ware environment. On the one hand, complex problenidng techniques.
have to be studied requiring non-standard modeling tech- The SXF (Standard eXchange Format) is an ASCII ac-
niques, such as tracking two beams, assigning measuregierator description that carries lattice information and
values to individual magnets, dealing with complex alignalso individual quantities specific to an element such as
ment tolerances for triplet assemblies, etc. On the othereasured field and alignment data. SXF has been devel-
hand, large accelerators are nowadays international collagped as an answer to the need for easy exchange of lattice
orative efforts among laboratories and the necessity arisggormation among laboratories. SXF parsers to several ex-
to exchange lattice and measurement information betweésiing codes, such as UAL, MAD, Cosy and TevLat, have
groups in a transparent, model independent way. To fupeen written and used.
fill the first set of requirements we built up our model in An SXF lattice description is an ASCII listing that con-
the framework of the UAL software, and to fulfill the needtains one namedat, ordered list of elements, delimited
of information exchange we use a flat machine representas{...}, with one entry for each element. The list concep-
tion, the Standard eXchange Format (SXF) to describe thieally resembles a MAD "sequence” describing the entire
accelerator. machine. The difference is that an SXF sequence can carry
Section 2 will explain in more detail the software build-additional information such as field harmonics, alignment
ing blocks, UAL and SXF. Section 3 will discuss the uniqueerrors, aperture limitations, etc. that are specific to the in-
challenges of modeling the LHC, in particular the study oflividual element. The syntax is supposed to be adapted for
alignment tolerances in the interaction region dipole andase of reading by human beings and for ease of parsing
triplet assemblies. In Section 4 as an example of applby LEX and YACC. Here is an example of a simple SXF
cation, we will discuss a way to close the first turn andequence of 2 elements, a dipole and a marker:
to correct the orbit in the LHC in the presence of realistic

alignment errors. TwoElementExample sequence {

2 THE MODELING SOFTWARE bh.rl  sbend { tag=bh at=200.0 1=10.0
ENVIRONMENT: UAL AND SXF
body={ kI=[0.0045 0.001 0.0002 0.045]

The Unified Accelerator Library (UAL) [1] is an object fint=0.01 e1=0.001 e2=0.002
oriented and modular software environment &mcelera- h1=0.1 h2=0.02 hgap=0.002 }
tor physics which comprises acceleratorobject model  zlign ={al=[0.001 0.001 0 0 0.0005] }

*Work performed under the auspices of the US Department of Energg0dy.dev={kl=[0.001..] kis=[0.001..]}
t Email: pilat@bnl.gov entry.dev={kl=[0.001..] kls=[0.001..]}



exit.dev={ki=[0.001..] kis=[0.001..]} align = { al = [ 0.002 -0.001 0.003

align.dev={al=[0.005 0.005 0 0 0.001] } 0.005 -0.005 0.007]}

aperture={ap=[1 0.03 0.02 0.001 0.001]} components = {

; glt2.rl = {

m1 marker { }; align.dev = { al = [ .0 -0.002
0. 0. -0. 0.007]}}

endsequence at=200.0 glt3.rl = {

} align.dev = { al = [ 0.001 0. 0. O.
-0.006 0.}

SXF supports MAD attributes; attributes are grouped in  components = {

logical "buckets” such abody which contains the element x1.rl = {

general attributesalign, which describe intentional mis- align.dev = {al=[ 0. 0.2 [}

alignments, etc. The buckets that end wittieV/ contain x2.r1 = {

deviations from the design values, such as fielody.dey align.dev = {al=[ .2 0. 0.

and alignmentdlign.dev) errors. Quantities that are logi- 0. 0. 0.1]}}

cally related, such as field multipoles, misalignments, apef-y 3 }

tures are grouped in vectors, suchkgsal, ap. The vector

kl for instance contains normal field harmonics up to or- we used this technique to assign alignment errors to the
der 20; only orders up the last non-vanishing order nedtHC interaction region assemblies and study the impact
to be explicitely written. A more detailed description ofof such errors on the first turn and closed orbit correction.
the grammatical and lattice description rules of the SXF, @phe analysis and preliminary results are summarized in the
well as more examples of SXF sequences can be foundfisilowing section.

[6].

4 FIRST TURN AND CLOSED ORBIT
3 THE ALIGNMENT MODEL FOR THE CORRECTION

LHC INTERACTION REGIONS
In the presence of misalignment the particle orbit is no

Since SXF is dlat ordered list of elements it does not SUp'Ionger ideal. The orbit excursions. even with moderate
port the simultaneous misalignment of adjacent elementgrnount of misalignment, in a large Fnachine like the LHC
The introduction of an elemehierarchyis needgd .to align may become so big that :':1 particle reaches the aperture lim-
several elements by the same amount. This is of mteﬁ-s defined and gets lost. As in the case of a real accelera-
est for two reasons. First, magnets are often modeled Sr ring, in order to keep the beam closed orbit inside the

m'ore.than one element and all these elements should ysical aperture, a first turn beam steering method must
misaligned by the same amount. For example, a magriel applied.

model may consist of a body and two end kicks; the body Two first turn beam steering techniques were imple-

itself may be modeled by several kicks. Second, sometimes

; {nented in TEAPOT++. One is the method recently de-
there are several magnets assembled in one cryostat. It |

then desirable to displace the whole cryostat while allow’" oped by. H. Grlote for MAD [7]. Thls method performs
the correction using two beam steering correctors and two

2 . %eam position monitors in the region where the orbit ex-
misaligned relative to the cryostat. . . :
- . . ._cursions become too large. With the spacing between the
The proper description of alignment errors is of great im:

. . - two BPMs aboutr/2 in betatron phase it provides in fact
portance to the US-LHC collaboration since the US will de: orrection of both the orbit position and the orbit angle.

liver assembled cryostats of interaction region magnets to . i .
CERN. In the design phase an estimate of tolerable aIign-The ot.h.er method implemented in TEAPOT++ is the so
led sliding-bumps method. The closed bumps are set

ment errors is needed. Once magnets are assembled iﬁ?ﬁl f three neiahboring dipole correctors. The whole
cryostat, the best position of the cryostat must be found 't o €€ neighooring dipole ’

Lo . : ing interval is divided in a series of consecutive bumps
order to minimize the harmful effects of field and allgnmenE 9 . ) pS
errors hat are overlapping since every corrector can be used in

We developed a SXF-like description that allows the sit-he construction of three different bumps. Each bump by

multaneous misalignment of adjacent magnets and a filtg?gmtlon only gffect the Orb'.t |tnS|o1IEe itself. i b
program that can merge this information into a canonical ~¢ correction step consists of consecutive one-by-one
SXF file. Here is an example of how several entities can géump corrections along the ring until a lattice point is

misaligned with respect to a commom cryostat, which alsgea(fh?d’ yvhere a particle Ipsg or a big particlg trajectory
has a global misalignment relative to the reference axis. eviation is detected. The limit value of the trajectory de-

viation that defines the start of the correction procedure is
/I a misaligned element that contains determined as a parameter to the first turn steering com-
/I misaligned elements mand. Because the trajectory downstream of the corrected
g2con = { interval should also be affected by the correction, the last



trajectory during the first turn for the LHC, before and after
correction. The method used here is the sliding-bumps.

50 ‘ ‘ Figure 2 show the horizontal closed orbit before and after
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=T A software environment has been developed for LHC sim-

40 ulations whose flexibility and modularity ease the task of

50 5000 10000 adding new modeling features. A standard interface, the

Element number SXF, extends the functionality of the MAD sequence and

. - L . .__can interface several existing accelerator codes. We used
Figure 1: First turn correction in horizontal and vertical,, . . o

lanes this environment to study the effect of misalignment of the
P IR assemblies on beam dynamics, netbly on the first
turn trajectory and the closed orbit. The model and correc-
tion methods proved to work for the LHC lattice and we

bump of the corrected interval is made “open”, meaning\llan to use them for systematic studies in the near future.

that the strength of one or two of the last bump correctors e plan on gddmg the capab|I.|ty of modeling roll allgq-

: . . . [nent errors in the IR assemblies and study the resulting
is set to zero. After one correction step is done, the partlcceOu ling effects in the next few months

is tracked again through the lattice (or, operationally, thé ping '

beam is injected again) until the next limit trajectory de-

viation is encountered (or, with beam, the next beam loss 6 REFERENCES
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Figure 1 and 2 show the horizontal and vertical particle



