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Abstract

The dgorithms are the kernd of the problem to stea and shape particle
beams. Depending onthe spedfic condtions for a catain problem the data
used by the dgorithm has to be well prepared and the dgorithm shoud be
such that depending onthe input information, numericd and aher problems
are asoided. The first part of the summary report, gives asimplified genera
view of the different problems and ideas that were presented. In the second
pat the different ideas related to what has been said in the first part are
pointed ou for ead of the presentations.

1. GENARAL SUMMARY
1.1 Modd based systems

Automatic beam control needs me kind d strategy. This drategy can be based on the
existence of a model of the system or work in a way such that the desired control state can be
achieved withou predefined knownledge of the process Models can be theoreticd or empiricd.

Control strategies based ona modd obviously require that the system can be represented by a
moded to the detail needed by the ntrol strategy or the required acaracy. Accderators are designed
from models, but it often appeas that the red macdine does nat behave like the initial model predicts.
If thisisthe cae, investigations have to be made and the model revised o refined. Frequent problems
that may be discovered are geometric problems (misaligned elements or measurement devices) and
field problems.

Anather important isaue is the bean instrumentation, reliability must be good and acaracy
must be within spedficaions. Some redundancy of information gves the alvantage that the system
can perform reasonably even if parts of the system fail (missng monitors for example).

The mode based control medanisms often lead to important improvements in the
understanding and cleaning up @ the processto be ntrolled.

When theoreticd models canna be set up a when the best theoreticd model that can be found
is not acarate enough one can still make the @ntrol procedure automatic by using experimental
transfer matrices. Either one can do this for the complete system or as a refinement of the initial
model to control residual errors. Systems can also be lineaized, assuming that the erors are small or
that one can use an iterative @ntrol method

A way to modd highly non linea couded systems is to use neural nets. Based on an
experimenta exploration d a sufficiently large domain o the entrol space a neura net model and
an adapted control strategy can be set up.

1.2 Systemswhere no model can be set up

If there is too littl e knowledge dou the behavior of the system to be &le to set up a model,
one can use dgorithms, which explore parameter space ad try to find a good setting d the inpu
parameters. This can be dorein arandam way or by using some dever strategy.
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1.3 Datapreparation

One of the aiticd iswues in automated bean control is the quality of the data fed into the
algorithms. During commisgoning d the cntrol algorithms, the measurement devices have to be
cheded and cdibrated, the wrred positioning in the beam line has to be verified for example. In
spite of this preparative work, monitors may bresk down, noise may influence the readings and difts
may appea. Noisy measurement can be treded by rermonic analysis. Faulty monitors can lead to
numericd problems, wrong corredions or unwanted corredions. Systematic &feds on the orbit have
to be removed, for example momentum errors.

Sometimes a"'zero arbit" or trgjedory does nat correspondto the optimum working condtions.
There ae sometimes target orbits different from the ided theoreticd orbit which have to be identified
andincluded in data preparation.

1.4 Correction strategies

Different strategies can be used in trying to find the rredion. One might want to find
dominant kicks, few effedive @rredors are wanted espedaly in the beginning d the rredion
procedure, since for example non lineaities might be important if the orbit is far from the target.
Global and locd corredions have to be distingushed. Sometimes a limited part of the orbit needs to
be mrreded. Most of the dgorithms can work onalimited region d the madine.

1.5 Matrix conditioning

The transfer matrix has to be @ndtioned to avoid numericd problems. Missng monitors, for
example, can cause linealy dependent columns and the matrix has to be remndtioned. This is
however time cnsuming and it is more interesting if one can anticipate the problem by na using
corredors causing such problems. A very rigorous method to avoid problems with singuar respornse
matrixes is the Sing e Vaue Decompasition method (SVD). By this, singuar values can be foundand
corredors correspondng to those can be removed from the avail able @rredor set.

1.6 Thealgorithms

Generdly, the dgorithms minimize the distance acwording to some norm, of the measured
orbit to the wanted ore. The MICADO agorithm is one of the most often used, espedaly for
trgjedories where it quickly gives a good result. It is based on a least squares minimization.
MICADO first choases the most efficient corredor for the minimizaion. By keeing this corredor an
additional corredor is chosen that gives the best corredion and so on The disadvantage is that for a
given number of corredors, the best subset of avail able crredorsis not necessrily chosen. There ae
algorithms that help out of this dilemma, but one has to find tricks not to exceal wanted respornse
times.

The SIMPLEX method ses the |, norm for minimizaion d the distance between the wanted
and the measured orbit. SIMPLEX can include linea constraints or inequality constraints.

Complete least squares methods nead nonsinguar, well condtioned matrixes. It isimportant to
ched that that thereis no overcompensation using too many corredors.

Genetic and evolutionary agorithms are well known tedhniques for numericd optimization.
Interesting feaures of this tecdhnique ae eae of development and independence of readou noise and
set paint drifts. Ladk of speal can be compensated by a good choice of the set paint generation
mechanism and bychoosing appropriate quaity fadors. A mixed type of modeling can be done where
genetic dgoarithms are used for fine tuning d the optimizaion besed on kean line models.

The basic ideaof the genetic dgorithms is to explore the parameter spaceto find an ogimum
using reture's way of prodwcing rew genetic sets. New corredion sets are produced by wsing
"seledion’, "reproduction’, "crosover" and "mutation” on the "parent” corredor set to produce

better performing "descendants' (better corredor sets). Offspring sets are produced na only from
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looking at the parent's genes but aso from taking the mutation amplitude (or its efficiency, judged
from the improvement of the @rredion) into acourt. A wide seach for the optimum configuration
of agiven system is dore by generating and seleding better and ketter sets of inpu parameters based
on predefined qudity fadors.

17 Speed

The dficiency of the dgorithmsis very important since many of the @rredion programs work
online; examples will be given in the summaries of the talks..

1.8 Modularity and transportability

The methods described are well known and the task of bean steaing and beam shaping is a
very general minimizaion poblem. This means that it is possble and profitable to write libraries and
transportable and moduarized software. The most time cnsuming part however, is the @nstruction
of the man macdhine interface To reuse and share MM | software is inherently very difficult because of
the dhoice of hardware and o speda software products. Methods for data preparation can be shared,
and also genera methods for the matrix construction from machine layout information (data base
description d the madine).

2. THE TALKS

21 Algorithms and Closed Orbit Correction package for SPS and LEP, W.Herr, J.Miles,
CERN

The Closed Orbit Corredion Utiliti es (COCU) program is an example of very general program
for closed orbit corredion. It is madine independent, has high performance and is extendable (highly
moduar). The program works from a sequence of commands that can be generated from the man
madine interface All knowledge of the madchine cmes from the data structure. A certain number of
modues can be cdled that prepare the inpu data so as to ensure that the dgorithms do nd have
numericd and aher problems. There is a large number of different agorithms for optimizaion are
available (MICADO, SIMPLEX, MINC2, PINOM, SVD, Chebyshev..). Locd and dobd
corredion criteria can be used. The padage dlows for very fast resporse, which is a qucid isue,
espeddly in view of LHC where orbit corredions are needed with 1050 Hz frequency.

For the LCH, modues that trea partially uncouded macines have to be developed. Common
elements for the two beams, groundmotion compensation and long kean-beam interadions aso have
to be taken into acourt.

The COCU padkage has been used esentialy for the CERN SPSand LEP.

2.2 Simultaneous matching of Dispersion and Twiss Parameters, M.Giovanozzi, A.Jansson,
M.Martini, CERN

Dispersion control isimportant for large momentum spread beams. A lineaized matrix is used
together with the MICADO agorithm, which proposes a few larger corredionsto gain in acarag. A
combined matrix is constructed to have both dispersion and Twiss parameter matching in the same
optimization procedure. Units and sizes have to be dhosen to gve awell condtioned problem. The
method has been tested in the TT2 transfer line between the PS and the SPS By creaing randam
error seads and measuring the @rredion effed. If iterative wrredionis used, higher order effeds can
be negleded. Convergencewas guaranteed to be within the limitations of the measurement devices.

The system isimplemented as an open system stressng modu arity and reusabilit y.

2.3 Beam Transport and Optimization Tools based on Evolutionary Strategies, L.Catani,
INFN Sezione Roma 2

Thetalk described haov bean steaing and shaping can be dore using Evolutionary Strategies at
LISA, the 25MeV linea super condicting acceerator of INFN-LNF.
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For bean steging, one gplicaion hes been shown, where one can clealy see that the
optimization procedure, in spite of a non monaonic control space finds a path to follow to adchieve
better and ketter corredion. Starting from bad transport condtions, it took 6 minutes to achieve an
rms value of the positioning errors comparable to the readou naise of the BPMSs. Instrumentation
noise and parasitic dfedsisasourceof perturbation for the process but did na prevent the evolution
towards an opgimized configuration. The dgorithm can be refined by finding better seledion
medanisms for the off spring. Defining the quality fador that best fits the system is ancther isaue.
For example by weighting d the @ntribution d the to the rms value, the dgorithm can for example
start a the beginning d the beam line & an operator would da Ancther example was presented
where for a @mnstant energy spread, the dignment of the bean and the bean size d the end d the
beam line ae optimized. A clea reduction d the beam size is obtained when the bean is better
aigned.

The method canna be proven better than model based systems and no garantee of finding
aways the same result can be given. However, it gives a "goodenoughfor the purpose” result. The
longexeaution time is a drawbadk that can be reduced only by faster computers and by opimizing the
algorithm.

24 Tuning Knobsfor the PS-SPS Transfer Line, G.Arduini, K.Hanke, CERN

Global betatron and dspersion matching in the transfer line between the CERN PSand the SPS
has been performed based on a caefully chedked theoreticd model and measured inpu parameters.
The Twissparameters at the entry of the line can be determined from the measurement of the beam
profile & three different locdions in the line using SEM or OTR monitors. The dispersion and
dispersion cerivative is measured dongthe mmplete line and the first turn of the SPSand the initia
values at the entry of the line ae determined using a threeparameter fit. For the matched optics a
tuning tod has been developed to corred for the unavoidable residua mismatch. It is based onthe
resporse matrix of eight quadrupdes in the matching sedion d the line which has to be inverted in
order to compute the required corredion. Since in genera the matrix canna be inverted, singuar
value demmposition (SVD) is used to remndtion it. The resulting tuning tod has been
experimentall y tested during the 1998run. Starting from a matched ogics, the horizontal and verticd
beta functions were detuned and the dfed on the injeded beam monitored by a mismatch monitor
instaled in the SPS Both simulations and the measurements how that the tuning toad works fine for
al beam parameters except the horizonta beta function for which a nonlinea behavior was found
The studies will be @ntinued duing the 1999SPSrun.

2.5 Beam steering at ELETTRA, E.Karantzoulis, Sincrotrone Trieste

Bean orbit stability is a very criticd isaue in al third generation synchrotron light sources.
Spedal care has to be taken in the cae of ELETTRA, becaise of mismatched energy at injedion.
Global bean corredionisdore onceper run a less Locd corredion systems use seleded BPMs nea
the quadrupdes in the straight sedions and the gpropriate crredors. Locd corredion is dore every
5 minutes to keg the orbit within 5microns rms and s totally automatic.

The COCU padage has been used at ELETTRA and hes evolved into Gloc which is more user
friendy (COCU is "expert oriented"), and hes an elaborated user interface The dgorithm used for
orbit corredion is based on SVD, which insures that corredor kicks give reasonable improvements.
The dgorithm has been used to corred the dispersion by combining steging and the dispersion
matrixes. Creding bumps withou perturbing the globa orbit makes the locd corredions. However
some "bump ledkage" might appea. New algorithms are being developed to avoid this to happen.

2.6 Beam ThreadingintheLHC, H.Grote, CERN

The multipde fields of the LHC dipdles kick off center particles. Simulations including the
dipdefield and alignment errors show that particles do nd even make one turn withou correding the
trgjedory. This stuation can be remedied by wing a "threader" that cdculates ttings for two
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upstream corredors from the transverse paosition and the slope & the offending pasition, such that
with this extra doulde kick, pasition and slope becme zeo by wing a linea maciine modd and
iterations. BPMs are installed behind eat quadrupde ad the crredors in front of them. The
procedure was tested and refined for LEP. The results were that pickups with bad performance have
to be diminated, and that more than two monitors have to be used for eat corredion to avoid
excesgve excursion d the trgjedory over alarger part of the macdiine. This means that one has to find
the optimum trade-off between corredor bumps and abit amplitudes. The intention is to implement
these improvements (inclusion d the COFFEE program to eliminate bad pickups and a fit medanism
to bring the orbit down withou creaing large bumps).
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