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Abstract

The Aubmaed Beam Seang and Shapng A B S)
propctam sb providean aubm ac,geneicand reisble
ofiv ae sysem b enaure he provison of high qualy
paiicke beam s © usas of an accelrabr com pex. A n
im porant com ponent of his propct 5 he access b
valdaedrefaencedadesabinghedifierantom ponents
nsded n hem achinesauch asm onbrsasw dashe
optd and m agnetc popetes of d m agnes These
propetes ae dependenton e type of paicke,on he
enegy andonhedeshabnoftiebeam Thedaam odd
m ughereiore be abled represntsaverd paricebeam s
abng diferent tgecbiies hiough he ssm e eéem ent
Furhem ore, he dagbase desgn m ug be wuficenty
gened b aow he desapbn of he ebem ensfom a
9m pedpokb com pkx m ukecolm agnesForagiven
operabn, he sequence of opts demens wih te
param egrs appiopice b he ype of beam m ug be
extecedauiebly form aedand passed asnputbabeam
optcs program . This paper desabes te pobem s
encountred duing heanadyssheresuing daaschem a
andhesofiv aredevebpediordam anenanceE xam ples
aegivenforhem achineoheC ER N PScom plex.

1 Introduction

D abasssforaccdaabrshavebeendesgned b iihe
num eousrequiem ensim posad by ever m ore com pkx
m achineq 1] T hepuposeofhisdabbasesb |aveasa
gened iefeence document amir b an ekconc
param eerdestibing hienputvaliesneededforopics
cacubbnsM  uchofhedadesabing heopicsofhe
m achinesnhePSC om plexcurenty resdesonpaperand
onfissA fiieasbily £2]w hichbok pceduing
1996, levedked heim porance of providing adaa
w hich 5 auficeny gened b desobe a posbe
m achneconfgurabnsT heam ofushg adasbasesb
provdeashglecomeckourcecfdabessniiorondine
beam comecobn. Thexe comecbns ae conddered as
petubabnsofte rferencem achine docum ened in he
datbase T he dagbase s hus s and unaffeced by
accdentlvaiiabnsT hisv aranthereproduchilly ofan
opeabn. A n opergbn defnes te Eof
w hichacton apaidebeam hecom ponentpodbnsand
theioptspaam erB ypeciyingheoperabnparice
andm om enum hepodbnandshapeofheparicebeam
can be cacubed and comecbns m ade. The ek s
obsavedudngbeam m essurem entm onbrs

m odd

com ponens

T heachiecureofthedatbasesdevebpedaoundhe
concept of a m achine operabn. It accom m odaes te
desopbon of he com plex m agnesused b m ake up a
m achineC aehasheentkenbavodany redundanidag,
Thecurentsysem Besicedbhebendingandfocusng
param eas of a com pkex of machnes The obpct
m anagem entofiv ae A CCIS (A C C eaabr Inform abn
Sy4em )w hich susad b desobe,editand biow she
dabdesobed.

2 Machine operation

A m achine operabn as defned here Bhe acon of
pasihgabeam fiom onepattofam achinebanoherfora
given puipose dch as njgcbn and accelabn. A n
exam penheCERN conexishe5umextacbnfiom
e PS b he SPS.A n opeabn requies asequence of
optcscom ponenseg.m agnesand m onbrsw hich are
usad bactonorm essurehebeam andhecomesponding
shfieferenceopispropeatesA noperdbnakorequies
thepodbnofeachcom ponentbnghebeam taecory.

2.1 Beam path

Thessgquenceofcom ponenssdeived fiom adatbase
obpctknow nasabeam pah A beam pah desabeshe
physcaductureofapatofanaccearabrortandaine
andm ay beusad b desabem orehan oneoperdbn A n
exam peshow ninFigl.Thebeam pah L nacB oo
tanderine sm ade up of i 0 tandedne sscbnshe
L nactendeinel T andhe LnacbB oosinelL TB.
TheL T sacbn m ade up,for exam ple of tie dpok
LTBHZ10, te focuag quadupoe LTQFN 20 and
defocusng quadupoe LTQDN22. The LTB stbn
ncudestvo  quadiupoks and a beam podbn m onbor
LTUM A10.

T o creaeasjuenceofopicscom ponentabeam pah
Eexpandedinbiscom ponenpasandhendippedofd
non-opttscom ponens

So ta beam pah pas can be reusd n difieent
opeabnsthe pasof abeam pah should notincude
eem ensuiaedondiferentranchesofinesscbnsT he
branchng ofheL TA tandelinenbheL T andL TE
hessrepresned astiree sscbnsL TA  incudes he
branchngcom ponent. TB H Z 10T hgshow nhFg2.

2.2 Topology
T o posbnopicsoom ponentabongabeam pahhe
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Fig2L TA heplihginbL TandL TE

heardigplacem enbetv eentieenty ponbfeachekem ent
w hiepecbhesabfheparenbbjecm usbedefined.

T akingheexam pkenFig2hedpokl TB H Z 10m usbe
posbned redlve b hepaentm achinepatl T andL T
relveb hebeam pah L T T B .Form agnesheenty
ponidcaeshesabhem agnetchied.

2.3 Reference optics and correction

O ndnecorrecbnforseaingom achingabeam she
daly ek ofheoperdbn cew A correchn requieshe
oubnofainears/sem charecaiad by am aixw hose
eem ents represt he effect of a unt comecon a a
m onbrForexam pkehedaarequied forcomechg he
cbsed obinthePSing ncludeshergfeenceopicsof
onehundredm agnesproducngthem anm agnetciiddas
w dashatof quadupoksb sshetans/eeunesit
anincudeshehoizondorvetcadpolkecorecbrsand
te m onbrsw hichm essuretiediplboem entofhebeam
natans/ere pbneaagiven podon nheing. This
daashen passed b asym boke opicsprogram  [3] for
team entA resulng corecbn b afied dengh canbe
conveled b a curent vaigbn given he m essured
m agnet igdiy n Tesdh m ees hat 5 he paice
m om enum EecticchargeM  onibrreedingscanbeusedb
com paem essuredandcalcubedbeam profies

T hecorecbnscunenty bengexplbredaressaingand
m aching forhenjecbn of paiicksfiom he
HeB oosandiohetandabeiv eenheB oosEandPS,
asw dasforhecbssd obicomecbn oftiePSandhe
comecbnofhecoherentans/ereosdabnsaingcon
nbhePSing.

2.4 Component usage in an operation

Thenform abn desabing how acom ponentsb be
ussdinanoperabniscaedhaissgel heem ndicass
w heheracom ponentsb be usd for comrecbn in he
operabn,and, i<, orw hattype of comrecbn.W hie
m onbrshavenooherefeencepaam elrgm agnesm ay
haveopttsparam easT heseaerefeenced by he
w hich bebngsb he rbnshp betv een e com ponent
and operabn. If s reebnshp istem oved, 0 sthe
ussgeThem agnetopicshow evesm ay bereferenced by
oher com ponents and ae heore presaved. h he
dabbasenodEncibniEm adebetv eenacomecbrandany
oherm agnetA Im agnesm ay haveoptcsparan eersand
m aybeussdasoomecbrsA nexam peofaussgeshow n

nFig3.

A 4

ProbnnjecbnforC PS

Fg3: A quadiupokew ihheferenceopicausadfor
bohseaingandm achingdutingC P Sinpcbn.

3 Magnets

M agnesboh hose usd n he PS bday and hose
foreseenforL H C [4],canbecom plex A
uppled by acurentpassng hirough m orehian onecol
Thesam epow eurem ayupplyseverdcokA m agnet
m aybeoperahgnanunsalirsedoiasalisbnregim e
dependingonhecurenbenguppledC okm aybeusd
bcomecthergfeencem agnetcfied noiderbadushe
tineand chiom atyasv eesbcom pensaeiregulaies
nhem agnetcfed.C omecbon m agnesm ay tiem sves
have a nom na fe. W hen a m agnets m ade up of
upeposdcokhem agnetcfieddsm ayovelgpA colof
am agneim ay provideafiedw hasnglepolty sichas
adpokor  quadiupokorafed w hich sm ade up of
sverdiddcom ponens

CERN PSm agnetsareussdasmnexam peE acham ade
upoftv ohavesam agnetcfocushgsecbrandam agnetc
defocusngsacorE achsecbrisoom posadofseverdcok
them ancolandcorecbncokT hem ancoldeineshe

L hac nb

usge

V efcakeang?Y es
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M aching?N o P

m agnetm ay be



nom inalm agnetcfied ofhebarem achine o conecors
nclded)iisacom binedfuncincolssipiovideshoh
bending andfocusng fildsT hecorecbn cokinclidea
backleg w ndingcolachgasaradilcomecibndpoleA
poke face w nding colw h quadupokr and
com ponenssusad ahigh enegy in orderb com pensse
ssurabn efecsand badjughenatird chiom atiesof
tem achineA gecelbopw ha quadupokrcom ponent
sussdahighenegy bcontothetans/eretinesofhe
m achine.

B eam 9ling m agnesm ay actin a difieentw ay on
difieenipaicebeam sT hePSboosavetcadibubr
m agnetcongssof X dipoksbeaedn hesam evericd
penebuhssguenceonhengcbninefFig4)
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D isrbubrm agnets deflecorm agnet

Fg4: TheD dbubrconssofivedipokesposbnedin
hesam epbnebuin ssquenceonhenjecorine.
T helihm agnelsacom m ondeflecbm agnet

Each of te fve fit dpoks s caled deibubr
m agnes haveoneshgkenom nabendingangkeT hesxh
m agnesavessssoom m onveicadelecoraow hone
shgebending angeTo getb hebw etPSB ing,only
debubm agneDisaciveandbgebhebpiingjour
of he debubr m agnes ae acive. In boh cassshe
common defecor magnet 5 & & nom na vaue.
C onsquenty hedasbasehasnaddibnbdedngw h
non-acvem agnesaobdeaw hm agnesw haange
nom halbendngangkebutw hdifereniedgeupandedge
dow nangles

3.1 Magnet elements

Inoderbcopew hhedeinibnofcom posem agnes
in he dabase he conceptof m agneteem enthasbeen
nioduced. A m agnetelem entprovidesam agnet: fied
generaedbyacurenpasinghioughaanglecobibyno
curentataftsaperm anentm agnetF-orexam plean
L HC m agnetscom posd of hireem agneteem enshe
m an dpok, he cotrecbn extpok and he corecbn
decapokE achcolsconnecedbashgepow erurce,
uppked by one or m ore pow er aupples A com pose
m agnetm aybem adeupofeverdssquentoraipeposad
m agneem ensw ihbely opaiidly ovelappingfieds
M agnetciedam ayhaveadnglecom ponenichasa

dpokor quadiupolecom ponentorm ay be desabed by
sverd fied com ponensE ghtcom ponensae curenty
ncudednhedaam oddT heoptcsied senghsusd

form aix cacubbnsaegiveninpaiceandm om enum
ndependent  unibw hich reduceshenum berofoperabns
bbedeinedbam nim um T heudicabnforhechoe

ofiddm odepaam erslesabedbebw .

3.2 Magnet field model

Thefedm oddsheoneofahadedgem agnetw ha
teansveeidd w hoseT aybrexpandon stuncaedathe
ocupoke &m .Thefied shus characeisd by dipok,
quadiupokand  sextupolecoeficentE achcoeficenthas
an upightand a skew com ponent hathe fied 5
deem ined by eght ndependent coeficent T he fed
coeficensaethosem esauired n hielbborabry w ih he
iefeencesysem ofhem essurem entbench.ihhecaseof
ionm agneshefidd sbavety good precionupiight
andhekew com ponentaenegigbein supeconducihg
m agnes he kew com ponens have b be congdered.
Insdeam achineandegpecily ntandeineshem agnet
otiengbn m ay be difierent fom s oiientbn n he
Bborabiy Hongiudinalaxis Oz s aysolneaiohe
beam otiandtheonly angew hichm aarsn precies
heangesbout  Ozcdedbe  rilrofhem agnef helisa
oecickibueofam agnetem ent

The L orentz force exetied by e m agnetc fidd on a
paicespiopofonabhefidd sdfnegraedoverhe
m agnecengh 7 ofhe eem entb he paiicke eecic
chage and nvesy popoond b te paick
mom enum . To esch field com ponent coreponds an
optd coeficent nam ey he paice deflecon, he
negraed focusng dengh Kimesednm  andte
fisandsscondradisdesivalvesof KIA 3sn ashecassfor
hefddhereareuprightindkew opicakoeficents

A cormecon sfigexpressed in physcdunisauchas

radendoradefecbnim ? forabeam envebpeoratine
it The physcd uniis convered nb a curentor a
volegeviaacabrabn coeficentw hichisdeinedashe

deivalve of sm e fid coeficentw ih repectb he
curentprhevolbege\WW  ihthideiibnhecabrabn
coeficentm ay beafuncibn oftie curentasthappens
w henam agnebpeaesnasuraedregim eD vidinghe
cabrabn coeficentoy hem agnetcigdiy achieveshe
tandorm abnofphyscanbengneaingunis

3.3 Calibration

Inhedaam oddam agnetceam entisdesabed by a
m agnetc field w hich has a m agnetc engh and fed
m essurem entpoinseken atdiferentcurenisorvoleges
for each of he eghtupightand skew com ponens A
m agnetcfed desoipionm ay beshared by m any m agnet
eem ensauchashoseinhem anm agnesofhieCERN
PS.Fig.5 how sthe defnibn of cabrabn daafora
m agneem ent
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Magnetic field
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Measurement point
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Vertical dipole component [Tm]
Horizontal dipole component [Tm]
Quadrupole component [T]

Skew quadrupole component [T]
Sextupole component [Tnr'"]
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Fg5: Thedabbasdeint  bnofam agnetciied
refierencedbyam agneglem ent

3.4 Reference optics

A m agneem enim aybeledandthieangeofim ay
bedeinedin  m BadiansThem agnetopicspaam elrs
ncldeheveicdand hoizonlbending angkesgivenin
m ladenshe upightand skew quadiupokesenghsin
m?, sxupoksenghdm
They a0 ncude he opts ype, curenty dipoke or
quadupolkeand he angksoftienom ab tieenty and
extm agnetiacesedge upgeam and edgedow ndeam ,
andbetgechiylengh A ssofm agnebopicsparam eas
m ay beusad n m orehan oneoperabn putonly oneset
m ay bereferencedperoperabnThem odeisum m aisd
nFgb.

4 Database functionality

Thedaam oddm aybeexendedbreferencedabsbred
NORA CLE tbkesm antined outde he AB S sysem,
suchasnhePScontolysem [5landsuveydatbases

A B S geciic obpctm ehods have been devebped b

passtesedopicsdaabasym bokcopicsprogiam w here

tcan beussd b generaeherdferenceopicsand cotrec-
bnm alicesforanoperabnT hesem ehodsao piovide
Esofposbned corecbrsandm onbrsesw dlas cab-
1ebn daaand pow er supply nam es b applcabn pro-
gram 6}

Thesym bokoptsprogiam requiesaform aed Hof
opcssem enw ihheipropeteshodetbcacube
am ai bdesabehenom naopicsesw dasalt
ofcorecbrandm onbrav ihheipodbnanoided

*and octupoksenghshm 4,

Magnet element
tilt

Vertical steering?
Hortizontal steering?
Matching?

A 4

Operation

A

y Magnet optics

Beam Optics type (dipole/quadrupole)
path Trajectory length [m]

Vertical deflection angle [mrad]
Horizontal deflection angle [mrad]
Quadrupole strength [m™]

Skew quadrupole strength [m™]
Sextupole strength [m™]

Skew sextupole strength [m?]
Octupole strength [m™]

Skew octupole strength [m™]
Edge up-stream [mrad]

Edge down-stream [mrad]

Figb: T hedesopbnofheopicsofam agneem ent
foranoperabn.

genece he da desabing abeam  optcs channel he
opeabn beam pah w ould fig be expanded nb b
com ponenteem entT heresulng daaishen Spped of
hoxe em ensw hich ae notusad in e operabn.The
channelsssum edosaandendahebeginningandend

of he beam pah. The podbn of each eem ent can
bedeived flom the digobcem entof each eem entgiven
reblve © he paent m achine pat in e beam pah
ducureT he operabn opicsofeech m agnetelem entis
teged: podons and diit gpaces cacuked, he dab

fom aked and hen smitb he sym bok optcsprogram .
L &5 of comecbrs and m onbrs ae ncuded n te
expandedinform abnw ihheipodbnealvebhesat

of he beam pah.h oderb im pothsdaainb he
sym bokc optcs program ,he userhasb ype asm pe
com m and folow ed by he operabn and t/pe of seeing
comecbnhew hesbieat

5 Data management software (ACCIS)

The 2fiv ae ussd b manage he daa s ACCIS
(A CCezor Inform a@bn Sysem ) a geneic object
m anagem ent ysem  devebped & CERN. The daa
reposbry & he rebnd daBbase m anagem entsysem
ORA CLE.The sof ae providesbok b deine object
cbsesssv eassbascssbfobjecm anagem enim ehods
onbpofw hchm ehodspatcuioheA B Scanbebut
O nce he object cbssss have been defined he usercan
im m edely sat b entr da w hout futher ofiv ae
devebpm enughgageneiciom aedsoeeniordatenty

Fg7)
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Insert| Remove | |Refresh save _back] Forvara
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Fo7: TheOR A CL EFom daeentyand
m anenancesea.

A CCIS hcludesaW EB brow s forinerogaing he
dabA nexam peofaWW E B pageisshow nnFgure8T he
brow sahasheW  ebbok-andfedew henheusacicks
on aeiaence fied ,anew pagew ibe dipbyed. The
A CCISW ebpageshow evergedynam icdy aesedfiom
dahin he datbase uang procedures a0 ored n he
datbae ushg he ORACLE W ebSever fedies

T hedforeasson ashedaischanged hem odiicabn
biow =

canbessenudnghe

Optics data base LT.QFN20

PS Division

Make root?
+ expand, - collapse, * operation beam path

LT.QFIN20
- PS COMPLEX
QUADRUPOLE ELEMENT
TCONFIG

-LINAC
- LINAC MACHINES
-LT

LI.EHZI0

Ll

FB8TheO pts

6 Evolution and conclusion

Them anam oftieA cogaabrO picsD aebasesb
fuly desabe tie m achine operabns in an accelabr
com pkx and b im potthe daa nb a ym bok optcs
program for generaing comecibon m aioes T he dabbase
m uga provide ks of comecbrsand m onbrs and
cabrabn daab heappicabn ofiv aeT heobpdves
havebeenachieved forhe L nacb B cosrtandarw h
thecorecbninform abnforvetcassaingThem agnet

eem ent concept has &0 been veiied by uahg he
datbase b desabe he m ore com pex CPS and LHC
m agnes Since he &ang of he sysem  has begun,
anom aes have been deeced adng fom  incorect
efeence paam eles w hich have subsquenty been
comecedieheA cogerabrO picsD abbasecan beusad
bveifyhecomechesofhedat,

The A CCIS v ae dow s he deinibn of fuher
desopive propeatiessw houthe necesdy of m odifying
hefiv aeT heresnonesd bredichedabentredd
hatrequied forhe A B S propcthdeed gpattiom he
ducurddecom podbn of an acoeklabrortanderine,

e dasbasea ncludespeciicabn daahatprovides

uppkm enery ondne nform abn b opeabisT hsdaa

can ako be sen ushg e W eb brow s and sbeng
ncreeengly nerogaed. This nform a@bn  could be
evenualyexendedbincuideacom pleedocum entonof
hePScom pkx.

T hedabentered nb heealerverson ofhedatbase
hasbeen succesfuly m graedinbhenew objpcim odel
T henextepabcom pleeandcheckhedesapbnothe

rem andeothePScom plexoperabns
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