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Summarz

During the course of a computational investigation into the
behaviour of the proton beam after accelerationl>2), the program
BDP was written in CERN 6000 Fortran. This program is a more
general version of that of O. Barbalat3), which tracks proton tra-
jectories in both horizontal and vertical planes for any given
machine configuration containing dipoles, quadrupoles, sextupoles
and octupoles; particle co-ordinates and lens strengths may be
given in real units or in normalized units?) for a theoretical
approach.
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1. Introduction

The user reads the machine data in terms of locations of inser-
tions, lens strengths and directions; the latter may be introduced in
terms of the practical units of current for the standard PS elements or
as normalized strengths; the program then determines all the necessary
parameters. Initial proton co-ordinates are introduced in mm units
(either real or normalized) and may be set to any specified straight section.
The usual machine parameters must be supplied, viz. Qg, Qy, Bp, Bp, d/dy
(QR), the moment compaction factor o and the machine magnetic field, B.
Closed orbit deviations may be introduced in any of those straight sections
containing insertions and the lenses may be set off-centre if necessary.
The program will track up to 20 proton trajectories for a maximum of 99
machine cycles, The proton co-ordinates are printed in mm units as
required and a graphical print-out may be produced using the GD-3 system.
Finally a post-mortem is available which allows a full trace of the compu-

tation to be recorded at each step.

2. Description of the program

All data is read in under the subroutine DATAIN, which also
calculates all the necessary parameters for normalization, lens strengths,

etc.

The program arranges the sequence of the insertions by means

of the subroutine SEQUENS and computation commences with proton co-ordin-
ates in straight section NINT. Traversal of the machine is carried out
until straight section NTRACE 1is reached, when the data is printed and
the proton co-ordinates will be printed each time the section NTRACE is
reached. In the event of NINT or NTRACE coinciding with an insertion
the co-ordinates are printed out before the lens traversal each time.

The computation is performed in M.K.S. units but all output data is printed

in mm units.



The CPS is divided into linear section of magnet units, each
one separated by an insertion, and for each inter-insertional step around
the machine, transfer matrices are calculated. These matrices are in
normalized units and if ¢, and ¢,; represent the calculated betatron
phase jump for each of the NOPS steps, then NOPS matrices M;) are

calculated with the form given by equation (1)

cos ¢..  sIn by 0 0
-sin ¢ri COS ¢ri 0 0
1 0 0 cos ¢pi sin ¢,5

0 0 -sin ¢, cos ¢,

(1)

The use of normalized co-ordinates requires that normalization out at
several straight sections; this is performed by the subroutine NORM
which determines whether the sections are F or D focusing and then
normalizes accordingly. Thus if real co-ordinates are represented by
array CORD and the normalized co-ordinates by array CORDN, then nor-

malization in an F section obeys the relation (2)

CORDN (1,J) = CORD (1,J) (x)

CORDN (2,J) = CORD (2,J) x B8 . (Px) 2)

CORDN (3,J) = CORD (3,J) x (BF/BD)2 (2)

CORDN (4,J) = CORD (4,J) x (Bp x BD)z (Pz)
where J 1is subscript labelling of the proton.

F and p have their usual meaning. Similarly in a D
section the relation (3) holds:

CORDN (1,J) = CORD (1,J) x (BF/BD)z

CORDN (2,J) = CORD (2,J) x (Bp X Bp)* 3

CORDN (3,J) = CORD (3,J) x Bp

CORDN (4,J) = CORD (4,J)

The traversal of a given number of magnet units is then performed by

matrix multiplication in subroutine TRAVERS.



Each lens traversal obeys the thin lens approximation and
transversal momentum jumps are then determined in terms of the real co-

ordinates CORD, The lenses treated in the program are

1. DIPOLES (subroutine DIP@L)

Momentum jumps obeying equation (4) are obtained

Ap = Kp (4)

depending on the direction and polarity of the dipole. The con-
vention adopted here is that positive currents in the dipole pro-
duce positive momentum jumps. The dipole characteristic strength

is in Tesla.m Amp_l-

2. QUADRUPOLES (subroutine QUATRA)

The momentum jumps obtained are:
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where Kq is the quadrupole strength previously calculated in sub-

routine DATAIN

X

X + Rp + Rogrr = Sx

Z + Veorr ~ S

Q

(1)
Zq

XQ» ZQ are the effective real co-ordinates from the lens centre,
having allowed for the momentum compaction of the beam (RD), closed

orbit deflections (R \ and off-centre positioning of the

corr? corr)

quadrupole (Sy, Sz). The sign convention adopted here for the

3), viz. positive

quadrupole current is essentially that of Barbalat
quadrupole current gives rise to a focusing force in the radial plane.
The characteristic strength of the normal quadrupoles in the ring are

in units of Tesla.Amp™!l.



SEXTUPOLES (Subroutine SEXTRA)

Either mode of sextupole mounting may be used viz. normal or skew,

and for the case of a skew sextupvle, i.e. one with one pair of poles

5)

parallel to the horizontal plane
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where Xg, Z, have similar values to Xq, 2q in (5) and again the
lens strength Kg 1is determined in subroutine DATAIN. The con-
vention here is that positive currents produce positive momenta jumps
A P, proportional to Zz2 or positive jumps in APy proportional to
X2 depending on which orientation is used. The characteristic

strength of the sextupole in units of Tesla.(m.Amp)~! may be obtained

in reference 6).

OCTUPOLES (subroutine OCTRA)

Momenta jumps are obtained

it

A Py +(Xg3 - 3 X5 25%) Lk

(8)

]

AP, +(2g3 - 325 X2 .k

where Xg, Zg have the usual values and again the sign convention is
that positive octupole currents produce positive values for Kk,
Typical values for the characteristic strength may be obtained from

reference 6), the units being those of Tesla.Amp~!.m 2,

The introduction of data

Data is read under subroutine DATAIN and subsequently printed

out at the end of the program. The necessary physical parameters are

calculated and allocated to the relevent COMMON blocks. Input data is

supplied in the form of the following cards:



Card

1: Format (I4,I1)

N, MPRINT
N 1is the total number of proicns tracked (maximum 20Q) and MPRINI 1
allows for the option that both input co-ordinates and grapn output

co-ordinates are required as normalized units.

2 Format {2 14)

NINT, NTRACE
The straight section locations where input and output data respective-

ly are required.

3: Format (2F6.3)

BF, BD
The usual betatron amplitude is m.radian units.

4 Format {2F6.3)

QR, QV

The horizontal and vertical Q values of the unperturbed machine.

Cards 5: to N+4 Format (4F10.5)

CORD (I,J) where I = 1,4, J = 1,N
or depending if MPRINT equals 1
CORDN (I,J)

the proton co-ordinates X, Py, Z, P, in mm and mradian units.

N+5: Format (3I4)

NQUAD, NSEX, NDIP, NOCT
The total number of quadrupoles, sextupoles, dipoles and octupoles

respectively required in the machine.

Cards: (the next NQUAD cards) Format (I3,F1C.4,F10.6,211,F1C.5,I1)

LSQ, AQUAD, QTS, KX, KDIR, SHIF, MOC



where

LSQ
AQUAD

QTS

KDIR

SHIF

MOC

gives the straight section location of the quadrupole

gives a value to either the quadrupole current in Arps or to
its normalized strength

the characteristic strength in units of Tesla.Amp"1

=0 gives AQUAD the interpretation of quadrupole current
=1 gives AQUAD the interpretation of normalized strength

=1,2 determines whether the quadrupole normalized strength
(only for the case KX=1) 1is in the horizontal or vertical
direction

gives the magnitude in mms of the shift of the centre of the
quadrupole from the centre of the vacuum chamber

=1,2 determines whether the above shift is in the horizontal
or vertical direction

Cards: (the next NSEX cards) (Format I3,F10.4,F10.6,31I1,F10.5,I1)

LSS, ASEX, STS, KS, KSIR, MOD, SHIS, MOT

LSS gives the straight section location for the sextupole

ASEC gives either the sextupole current (in Amps) or the normalized
strength

STS the characteristic strength of the sextupole in units of
Tesla.Amp~!.m™!

KS index for the interpretation of ASEX viz. KS=0 assigns the
value of current (in Amps)

KSIR index for interpretation of the direction of the strength, i.e.
horizontal or vertical for KSIR=1,2 respectively

MOD index to indicate whether one pair of poles lies on horizontal
or vertical axes, MOD=1,2 respectively

SHIS gives in mm units the value of the shift in the sextupole centre
away from the centre of the vacuum chamber

MOC index to indicate the direction of the above shift, MOC=1,2
for horizontal and vertical shifts respectively.

Cards: (the next NDIP cards) (Format {(2I4,F10,5),I4)

LSD, DTS, KD, CND, JPN

LSD
DTS

location of dipole
;

characteristic stength of the dipole in Tesla.m.Amp



KD index to indicate whether CND 1is the dipole current (KD=0)
or the normalized strength (KD=1)

CND the dipole current in Amps or normalized strength

JPN  index for the direction of the dipole viz. JPN=1,2 for hori-
zontal and vertical directions respectively.

Cards: (the next NOCT cards) (Format I13,E10.3,F1(.8,211,F10.5,11)

LSR, AOCT, OTS, KO, KOIR, SHIO, MOO

LSO  location of octupole

AOCT gives the value of either octupole current (in Amps) or the

normalized strength
OTS  the characteristic strength of the octupole in Tesla.Amp_ﬁ‘.m—2

KO index to decide whether AOCT refers to current or lens
strength KO(10)=0,1 respectively

KOIR assigns the direction of the lens strength, KOIR=1,2 respec-—
tively for horizontal and vertical directions

SHIO the magnitude in mm of shift of the centre of the octupole

MOO index to assign the direction of the above shift.

Card: N + NQUAD + NSEX + NDIP + NOCT + 6 (Format F10.4)

RDISP
The position of the equilibrium orbit (in mms) from the centre of the

vacuum chamber.

Card: N + SQUAD + NSEX + NDIP + NOCT + 7 (Format F10.4)

QRAD

The value of d/dr (QR) wunder the given machine conditions.

Card: N + NQUAD + NSEX + NDIP + NOCT + 8 (Format 14)

LF
The number of straight sections where closed orbit deviations are to

be included.



Cards: (the next LF cards) (Format 14, 2F6.3)

LSTS, AMP, AMV

LSTS the straight section location for the closed orbit correction
AMP horizontal closed orbit deviation in (real) mm units

AMV  vertical closed orbit deviation in (real) mm units.

Card: N + NQUAD + NSEX + NDIP + NOCT + LF + 9 (Format I14)

NREV

The number of machine revolutions to be tracked.

Card: N + SQUAD + NSEX + NDIP + NOCT + LF 10 (Format Il)

JPR

Index to determine whether a full trace is required viz. JPR=1.

Card: N + NQUAD + NSEX + NDIP + NOCT + LF + 11 (Format 2I1)

—— —

NXD, NZP
Indices to indicate whether graph outputs are required for horizontal

(NXP=1) and vertical (NZP=1) planes.

4, Conclusion

The program described above produces a relatively convenient
tool for the study of proton trajectories in the CPS after acceleration.
A typical example of tracking 8 protons over 50 machine revolutions could
be run as a CERN 6000 XJOB, the limit set only by the maximum line printer

output tolerated; typical C.P. times are of the order of 10 seconds.
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PROGRAM LISTING

APPENDIX

NHUT s TAPEZ2=0UTRPUT s TERPES)

LORDNG4 420) o SHIF(I0) aMOCOY
10)sLBUI1ID)Y e IPNILI0O) eSHIS(
CCU10)Y eNAT (10) e NSTEFR(10)

PROGIRAM EDP (IMNPUT«UTIPUT e TA P‘
LIMENSICN PS(44scs10) e CORDIG 2 W LSO(
e MOT
(

20) 9

9
110)eSHIOCI0)Y e MCLOLL10) oilDHGE10)
S1O0)YeMODCLIC)YaXT(ECaZ2l) ey TUH e
BVCO(Z0) o XPTHASC ez C) o YPT (2020
INTEGER PRI1(10)

REAL KS(1C)sKE(IQ)« QO (10) ¢ K7(10C)

COMMON/H/NREY ¢ KO e XH A K 7T o KD g PN SHIF ¢ MUCQO e SHISeMOT e MOD ¢ SH IO ¢ MOO
COMMON/R /7 UPR

CCMMON/V/RCCeVCO

COCMMON /X /7MNXFP ¢ N7 P

101
10)
RCU

PF’P'
- (0 —
o e 1t
F -0

READ 1IN CAETA
CalLL DATAINICOKL «COrCNGN)
SEQUENCE +~RRANGEMENT CF cllrillhTs

CALL SEONUENS (LUC AT PR STk MUk S)
CALLL METKIC(CORD +Med 41

CALL METETC(CONUN« . 441

PRINT 1G0O0

CALCULATICN OF NMIGHTT MoTicdXx tLUUVENTS

DC 1 10PE=14NORE
CALL TRANSF (PSS aMNSTLPUIUHS ) @ TLHD)
PRINT 10CC

MREV=NREV+1

CC 2 IREV=1¢VREV

O 3 10P&=1¢NOPS
RCORR=RCO(ICPS)
VCORR=VCC (I1CPS)
NPRI=PRI(10#S)

IF (UPRSEQ.C) GO TO @
CALL METKIC (CCRD sMeb,42
CALL METRIC (CCRDNeiNs LoD
PRINT 1CO1 e{ ((CURLIT ey
CALI. METKRIC (CORDL es™edal
CaALL MET®IC (CO=LCNemedy]

)
[=104) o (COURDE LT ad el =164)) gd=1 o)
)
}

TRPACE REGWUIRED

NOL=NAT(10FRS)

GO TO (Re76Ss6s44173) N NCL

CALL METRICI(CCORD aNed o2

Call. METRIC(CORDN MG w2

CAaLL DATACUT (Cohu.\@er.chh_v-.chch.xPT YT oYETy
Cat.L METKIC(CORDC N4l

CALL METRIC(CORDUNIINSG 1)

IF (I1RPEV.EQeMREV)Y GU TC &

GO TC 1¢

TRAVERS AL OF QUADKUUPLL

CallL QUATHA (CURD e IO (MR T ) o hCURKOVCURR « SHTF INFR LY o NOUCOI(NFK] ) )
GC TO 1CQ

TRAVFRSAL CF SEXTUORLE

CALL SEXTRA (CCRDINIKOEINFRT) ¢« ¥ OL (NFRT) e~CUFRIVCORR , SHIS INPR] ) ¢ MOT (
INPRT )
GO TO 10

TRAVERSAL COF DIPGLE

JINCPS=JUPN(NFRI)
CALL DIPOL (CORUINSLOCIIORS) 4 JNOPS 7 (NPRT ) )
GO TO 1C

TRAVFEFRSAL COF CCTUPOLL

CALL OCTku (CORDINIRGINPRIT ) s hCUNKsVCURR§SHETO INPIRT ) s MCUINPRI ) )
CONT INUE

PCST MORTEM OPTICN

IF (UPRWELLD)Y GC TO 11

PRINT 1COZ«NAT(LICFS)

Catll NORM(ICURD s CURDMNeNe 2L UC(ICFS))

CalLL METKRIC (COURD s™Nade2)

CALL METWIC (COURDNINsa )

PRINT ]COEQ((((CPJ(Iod)ﬁ'zlclé)c((:()"ﬂ_)f\(30J)|!=1-L'))°J'—'11N)
CalL METKRIC (CCRD +Nebdo1)
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[\VRa ]

St P P g
Q000
Q000 ~—
WN—=0OM

CaLl METRIC (COURDNsMNsg41)

TRAVERSAL OF NSTEF(IOPS) MAGNET UNITS

IF (NSTEP(IUPS)eEQeQ)Y GO TO 3
CALL TRAVERS (CORDswORKDNIPSeNs IOPSsUCt IUPS)¢NSTER( 1OPS))

CCNT INUE
CONTINUE
CCNTINUE

IF (NXPEQeUeAND e NZPJ4EC60)Y GO TO 12
CALL DRAW (XT ¢X¥PTeYTeaVPTeNeMREV)
1000

PRINT
FORMAT
FORMAT
FORMAT
FCRMAT
STOP
END

(

(
(
(

1H1)

ZaSX et UUMP LY o/ 483X L 12e4)0/)
e

/eSX e "ELUUMPEY « /0 B(IEXWE1264) 0/)



e Xe]

2026
208

2060
2059

2029

2020
2744

2089

2021

SUBROUTINE DATAIN(CORD +CORDNN)

DIMENSION LSQUIC) L SSC10) e AQUAL(10) 4 ASEX(10)eLSDE10)sLTS(10)4CND(]
10) e JPNCIO)Y KU1 oS0 (10 eHTIOETIO) sMmUUI10) s AUCT(10)e0TSI10)KGI10)
2yKOTIREIC)I QTS CIC)sSTSI0) eMUDC10) sCORULIG20) ¢CORUN(G420) sLUC(10) N
ATEP(10) sLESTS(2C) s AMRIZ2C) s AMVIZ20) 9SATSCLI0) sMOT(I0) e KX(10) o KVUIRII10) »

GKS(10) s KSIROLIO)Y 4oBMOR(Z2) ¢yRUT(Z2)eSHIF (10 «MOCO(10)

REAL K1(10)eK21I1CH)eRK3OIC)eMa(ICHIIKDI10)4KE(TO) ¢ K7(10)9KO(10)sK10(1
10)eK11(C10)

INTEGER PRICI1Q)Y

COMMON/ZA/ZNINT o NTRACE

COMMON/B /NQUAD s LSG e NSEX ¢ LSS e ND IR LD s LEC W NLCT

CCMMON/C /BF « BD

CCMMON/D /7GR QV

COMMON/E/Z7C1¢C2

COMMOM/F /7KDISP

COMMON/H/NREV e S aKE e K/ o KYs JFNeSHIF 9 iiCCUaS5M IS e mQOT e MOU « SHTO ¢ MOO
COMMON/G/LF s LETS e Aita ANY

CCMMON/R 7/ JPR

COMMON/UZNMNPRINT

CCMMON/X/NXF ¢ N7 F

KE ADS IN CATA ANUD [WMMTDTATLLY PRINTS CUT ALL DATA AND NECESSARY
PARAMETERS

CATA BMOD(1)chUQ(E)/'HURIZLNTALI~‘ veExTICAL t/

READ 2087 «NyNPRINT

READ 2001 o NINT «NTRALE

READ 2002 BF 8L

READ 2002+QRQV

READ 2006« ALPHZA

IF (MPRINTWEQel) GO TOU 20488

READ 2004 e ((CORL{(TaJYsIz=1ed)su=1aeN)

OC 2026 J=14N

DO 2026 K=14¢+4

CCPRPDN(K+J)=0,460

GC TO 2059

RE AD ?Can((COHLA(an)'A-1~4)'J=19N)

DC 2060 J=1eN

DO 2060 K=1+¢4

CORD(KqsuU)=0QeC

READ 2043 +NQUAD s NSEX o NI/ [F o iv0CT

IF (NQUADEGeO) L TO 2029 )

READ 20085+ ((LSCOIG) s AGUADLTQ) sGTS TG +&X(1G)eKDIR(IG) e SHIF(1Q) e MOC
O(IQ)Y)Y s 1Q=1¢NQLIAD)

IF (NSEXeEQeQ) GG TO 2030

READ 2026 ((LSSTTIS)sASEX(TIS)eOTE(IS) sKE(IIS) ¢KSIHITIS)YaMODITIS)eSHIST
ISYsMOT(ISY Y18 =1eNEEX)

IF (NDIP.EQsQ) GO TO 20¢4

READ ZO010« ((LSDOID)sDTSCIL) oKDOIL)IsCNDEID) s JPNIID) Yo JU=1aNDIP)
IF (NOCT.EQe0Q) GU TO 208%

READ 2076+ ((LSOUCTUY s AUCTCIU) s OUTSHIIU) aROITI V) o KUIRITO) eSHIVITO) e mOU(
IC)Y)»eJ1O=1NOCTH

READ 2006:¢B

READ 2C06+RDISK

PEAD 20C6+QRAD

RFEAD 200CLLF

IF (LFeEQel) GO TC 2031

READ 20034 ((LSTS(IF) e ANMNRIIF Y oAV IIF Y)Y e IF=1aLF)

READ ZOCCsNREV

READ 2C28+JFR

READ 2074 ¢ NXP ¢NZF

—

—

—

CALCULATICN OF MmeCHINL PARAMETERS

=0e2G9793
RN=70,079

=BARN¥C*¥C,C001
FP=ALPHA¥RDISP /KN
P=P*(1.0+FP)
RN=RN4+RD ISP
BRHO=RN*¥B*¥0,C0C1
C1=8SORT(EFF/BD)
C2=SQRT (BF ¥RBD)
PRINT 2007
PRINT 201448
PRINT 2C154F
FRINT 2C08+NREV
PRINT 2009:QRsQOVeBIF s+ 30
PRINT 2075.ALPHA

CALCULATICN OF QUADKUKFLE COUNSTANTS

IF (NQUADEQ.C) GO TO 2032
DC 2088 I1Q=1+NQUAD



2039
2040

2068

2067
2064
2065

2766

2022

2071
2072

2070

2073

c01z2

2023

2046
2047

MCC=MOoCCo(1Q)

LeS=LSsQ(lQyr2
LREM=LSQ(IQ)-(=*LQS)

IF (LREMeEQeC) GC TU z03Y
BQ=GF
BQ1=8D

GO TO 204C

B8Q=eD

BQ1l=FF

CCNTINUFE

IF (KX(IG)sEQeC) CO TO 20&7
IF (KDIP(IQ)eFGeZ) GO TO 2068
K1 (TQ)y=AQUADC(IC)

GC TO ZC64

K3(IQ)=AQUAD(TW)
KI(IQ)=(=1e0¥K3(1G)*¥BG)/BG1
GG TO 2065

KI(IQ)y=(=10¥%¥QTS(1Q)*¥AGQUAD(I1G)*8Q0) /B8RHO
K3(1Q)=(—-140¥%¥K1(1Q)*BAO1)/RQ
KSE(1Q)y==1e0¥K1 (1G)/BC

IF (KX(1Q)eEQel) GO TC 2066
AQUADI(TQ)I=( =1+ 0¥K ] (IQ)¥RRHU) /(GTSIQ) *¥BQ)

PRINT ZC1141QsLSCCIW)eI0eAQUADITIQ)
PRINT 28264 1QaCTSIM

PRINT 2018s1Qek1(1Q)

PRINT 2041 +K3(1Q)

PRINT 2062¢1QsM O (MCC)YSHIF(TQ)
SHIF(IQ)I=SHIF(IGIZ1UuCGUeD

COUNT I NUE

CALCULEATICN OF SEXTJURLL COMNSTANTS

IF (NSEXEQeQ) GO T 0323
DC 2012 1&=14+NSEY
MS=MOD(18&)
MT=MOT(1S)
LESS=LSS(IS)Yy 72
LEEM={_ SS(IS)=(c¥kL555)

IF (LSEMeEQeO) GC TU 037
BS=BF

BS1=SQRT((BD**3 ) /ELF)
BES=SQRT((ED**3) /bF)
BS1=8F

CONTINUE

IF (KS(1S)eEQeC) GO TO 2070
IF (KSIR(I1S8)eEQe2Z2)Y GO TO 2071
K2(IS)=ASEX(1S)

K4 (1S5)=K2(1S)*0GS1*(~1 eC) /855
GC TC 2072
Ke ([H)y=ASEXH
K2(IS)y=K4a (]S
K6(I1Sy=Kg (15
ASEX(13)=K6¢
GO TO 2073

IS)

Y XLO¥(~1eC)/BS1
Y/ESF (=16 D¥EMS)

I[S) ¥BRHO® 000« C/STS(IS)

KECISH=STSCIS)HI*ASEX([S) /(BERHO*¥10000)
K2(1S)=K6(IS)*¥ES* (=] 6 O%*MS)

Ka (IS)=KE6(ISI*#BES1#(~1 0*# (MS+1))
PRINT 201234 ISsLSESIIS) IS sASEX(]S)
PRINT 202741546 TSC1S)

PRINT 2035¢1S+M0D(MS)

PRINT 201941Sex2(1S)

PRINT 2042+Ka(1s

PRINT 20622 1S+0:MCUIMT ) aSHIS(TD)
SHISITS)=EHIS(TISI/Z100060

COUNTINUVE
CALCULATICN OF L 1FOLE CCOCNSTANTS

[F (NDIP«FEQe0Q) GC TO 2049

DC 2045 ID=14NDIP

LLCD=LSD(ID)yY /2

LODEM=LED(ID)Y=(2*L.DD)

IF (LDENMeEQaO e ANDeIPNI(I{M)eiuleZ) GU TU 2046
IF (LDEMebQele~NUeJdPN(]L)eGel) GU TU 040
6CD=C2 )

GC TO 2047

BOO=BF

PRINT 20484¢10.L5D(10)

KMOD=UPNI(1D)

PRINT 20864 ID¢MCDIKMOD)

PRINT 205C«ID«DTECIO)

IF (KD(ID)eEQel)Y GC TOU 2051
KZ2CID)y=CNDOID)Y*¥DTSCID) /8RO
STRE=K7(IC)*BDD*1CCLC



N
O
o
&

o
@}
r
e}

2079
2080

2nee
2083

2081

2084

2078
2077

2034

2010
2011

2013
zC1l4

2015
2016

PRINT 2093310 S 10
PRINT 205/.Iu;twut1u)
PRINT 2084

GG TO 2C45

FRINT 2082, 10sCNDCIL)
KZ7CIDy=CNDCID) 7/ (DD*1CO0«C)
CANDEID) =K7 (1T *#ERHO/DTS(ID)
PRINT 20852010« CNDID)

PRINT 2054
CONT " NUFE

CALCULATION OF LCTURCLLE CUNSTANTS

IF (NOCTebGev) GU TU 2077

LC 2075 1U=1eNCCT

KR=KOIR(IU)

KM=MCO(10)

LC=LSO(1C)Yy /2

LCFM=LSOCLIO) - E*LC)

IF (LOEMoEQs( GCTO 079

RO=

BC1l=(RD¥¥2) /RF

GC TO 2Z208C

BO=(HD**z ) /BF

BC1l=bF

IF (KO(IO)sEQe) GO Tu 20¢&1

IF (KReEQa2) GL 11U 202

K10(I0)Yy=ACCT I

K11(10)y=xK1Q0(T0y %=1 /0

GC TO 2083

K11(I10y=20CTCiIC)

KIQ(IO)Yy=K11{(1Q) #6001

KOCIOy=(K10(TO)y*16GAGLOe ) /130
AQCT(IO)=RQ(IO)*“RHU/»TC(ZU)

GO TO 2C8H4

KOUIOYy=0T&S(1O0)#p T L) flbard
KIO{IO)=KQ(]JO)Y¥l#Le 2L LIG]

11(010)Y=KI(1O)*LC1#C« 200001

FRINT 20883 1CaLSL(Iu) e 10OaALLT (TU)

FRINT 2086100 To (1LY

PRINT 2087s KIQUIC)a#mi 1 (IC)

PRINT 2OPRnITc%NOD(KN)nSHIO(IC)

SHIC(IC)=5ERHTO(I1C)I /100N

CONT INUF

PRINT 201 74RDIYP

PRINT 2025¢QRAD

PRINT 2061

ROIT(1)y=ROISH

CALL METRICIRDIe1elal)

ROISP=RDI (1)

IF (LFeEQeQ) GUL T cuaé

PRINT 20¢1

PRINT 2022 ¢ CILETE (I ST) otk ( JTET) o sV ISTY ) e IST=1 g LF
PRINT 2016 NoNINT

MPRONT=2-MPRINT

CALL NCRN (CCROU«CURON ol o ik RUNT o M INT

CAaLL NORNMIICUIRD, (’F-L:l' a2 e NINT)

DC 2022 J=1N

PRINT 202Cs (CORLIT oI oIzl ea) e (CCRUNITIU)eTI=10g4)
QR=UR+ (RDISH®*QK -0

FORMAT (1l4)

FORNMNAT (zl4)

FCRMAT (2F6e3)

FORMAT (14:2F6s.0)

FCRMAT (4£F18e5)

FCRMAT (IZ33F 10edaF 1000 e2Pl1F1QeDsl 1)

FCRMAT (Fl1Qe4)

FCRMAT (1H1 4 /88X« VINPUT DATA Y o/ aSX g W XX AFXXIXX*1 g /)
FORMAT (Ey.lNlMFtP UF REVOLUTIONS Y 9 19OXa1=1616)
FCRMAT (Sxo'NAthNL ValLE OF (R'-clx.'-'.Fll.a./.:x.'MAcHth Vv ALUE
1 CF QV1eZ1Xat=tsF1led e/ Xe ' VALUZ UF BF1429Xet=teF 1] o4 1S X ¢ ' VALUE
2 OF ED'e&9Xat=t,4Flled)

FCOCRMAT (2(14 FlCeD)e!lu)

FORMAT(SX « 'SECTICN NO CF GUADKLURLE NUT 3y loe 11X 4 t=0 4160/ 395Xe 'CURREN
17T IN QUADPULQL‘ PO s T v laXe 'zt eFlleds! LMPSH)
FORMAT (SXa'SECTIOK Nu OF SUXTUCELE NU' w129 12X 41zt 1607 e2EX 0 'CURREN

PT IN SEXTUCFLE NC 1 491Zs14aXet=t4F1leget AMPSH)

FORMAT (8Xe tMAGMETIC [ 1ELT v eZ6Xs'=t 371 ledat GAUYSSY)

FCRMAT(EX o« tMOMENT MY 422X, 1= 4gFjlebet GEV/CY /7))

FCRMAT (EX¢tIMNITIAL CC-CRECINATES OUF 141360 PARTICLES AT STRAIGHT S
TECTION MNO ¢ 136/ ¢S X o 1% %55 %3 5 %3035 K 3039563 3 % 30 33 903 56 3 3 3 3 % 36 3 9 36 99 9 33 3 % 536 % 3
PR R R T X R R R e Lo/ 08X e VX (MM 1 gGX g IXP(MRAD) Y 98X e 1 Z (MM ¥ 4
AOX ¢ 17D (MRAD) te EXe VX IMMYt eOX ¢ X (MMEG) " 48X o 1 ZIMM) Y JOX g 1 ZP (MNVEGW ) o/
4 )



2017 FOURMAT

(5X e 'O OPLACEMENT KAUTAL FUSTITIONY s 12Xe 1zt 9F1le4)

2018 FURMAT (SX¢'FCRCLE CF GLUADRUOUKLE NU' 4 1200 IN RADIAL PLANE =1 4F13e6)

2019 FURMAT (SXs1FORCE CF SEXTUURPLE NO*s I3+ 'IN RALIAL PLANE 14121 4F 1366
1)

2020 FCRMAT (2XsE(Fliebe&X))

2021 FCRMAT (95X 4'CLCSED LRUEIT'e/«SXe'STHRATGHT SECTION'SX s *RADIAL DISPL
1ACEMENT (MM) 1 48X 4 tVERTICAL CISPLACEMENT (MM) 1)y

2022 FCPNMAT (12Y 412401 7XsFT7e3422XsFT7e23s/7)

2024 FCORMAT (SXx s 'CCNSTANT CF GUADRUOPLE NU'THI2413Xe 1 =0 ¢F13e6¢ ' TESLA PER
1 AMP 1)

2025 FCRMAT (SXW!COEFFICIENT UF GR VARIATIONI g 13Xa'=214F 11l et sl PEK MMt 4/
1)

2027 FORMAT (SX¢'CONSTANT OUF SEXTUUPLE WNO' 424 10Xet=14F13e64¢' TESLA PER
2 AMP METKE!')

2028 FCRMAT (11)

2035 FCRMAT (5XC'SFXTUCPL: NCtel2sr AXI> OF POLES 149X s 1= 141XeA10)

2036 FCRMAT ([34F10e4sF 10 OQBIIQFIO Se11)

2041 FORMAT (5X4 {FORCE OF CQUADKUUPLE IN VERTICAL PLANE ' (3Xe'=14F1]le4)

2042 FCRMAT (5X¢'FORCE OF SEXTUCPLE IN VERTICAL PLANE'+4Xs'=V 4Fl4e7)

2043 FCRMAT (4 14)

2048 FORMAT (/+SX 1 SECTION NO OF CIPOLE NUt s I24185Xst=t416)

2050 FCORMAT (SX+'CONSTANT CF DIPCLE NO' s 1Z2¢1T7Xe'=tsF 136! TESLA METRE
1 PER AMP )

2052 FORMAT (SX ¢ tCURKENT Tiv DIPUCLE NCITa 120 18Xe =10 4F 116841 AMPSY)

2053 FCRMAT (SX e 'STRENGTH CF CIFCLE NOVY 23 17X t=143F13e6)

20%4 FORMAT (/)

2086 FCORMAT (SX4'AXIS OF DIPCLE NOteIZ2e21Xet=t49A1C)

Z0S7 FCORMAT (1441l

2061 FCRMAT (///)

2062 FCRMAT (SHX«V'OIFECTION GF SHIFT GUAVURVOPLE NO'" e 12¢6Xet=1t4A106/7¢5X e ?
IMAGNITURNE OF SHIFT 422X 4tz 4sFlledst MMty

2063 FORMAT (EXW'CIRECTION OF SHIFT SEXTUUFLE NOV s I2¢7X 1=t gA10e/708X et M
1AGNITULCE OF SHIFTteZ2Z2Xet=VtaF11edst MMV e/

2074 FORMAT (211)

2075 FOURMAT (EX ¢ tMOMEMTUM COMPACTICON FACTUK' 114X 4 '=t 4F1lebe/)

2076 FOCRMAT (IZ24E1Ce33F 1059211 9F1Ce3411)

2085 FCRMAT (S5X¢!'SECTIUN MO OF UCTOROLE NU1Te12¢13Xet=1416¢/95Xe 'CURRENT

1 IN OCTOPCLE NC!'I2+116Xs'=1sF11eds!

2086 FORMAT

ANPS 1)

(SX s 'CONSTAMT GF OCTCPRCGLE NU' 3 12415%X4'=14F15e8s ¢ TESLA PER

1 AMPJMETREZ!)

2087 FORMAT

15X+ 'FORCE COF OCTCPCLE

(SXWVFORCE OF OCTOPUWE IN HURIZONTAL PLANE Y 3X e 'z 4F 1669¢/ 0

IN VERTICAL FLANE ' 43X 4 t=tF16e¢9)

2088 FCRMAT (SX41DIRECTION OF SHIFT OCTOPULE NU 141248Xetz= 1 4A100/ 05X ¢
IMAGNITUNE COF SHIFT1 22X t=13F11ed4s! MM,/
RFE TURN

END



SUBRCUTINE SEQUENS({LOC«NAT sk T o NOSTERF «NQHS)

CIMENSION LSCU10) L3010 LUCHIOYaWNATCIQOQ) eNSTER(10YILSTS(20)aAMRIg
10)Y s AMVI2C) «RCO(ZC) s VCUI2C) s NCOUITC)IINCSEI0) s LSDEICY  NCLI10O)eNCLU(10)
ZeLSO01C)

INTFGFR PRI{10)

CCMMON/ 7 /NINT ¢ NTRACE

COMMON /B /M GUAD W LSC I NSEX ¢ LESeND IR WLSD e LSCINLCT

COMNMCN/G/LF sLSTS s AMR  AMY

CCMNMNON/V/Z/RCC s VCC

CONTRQOLS THE SEWQUENCE CF UPURATIOND o VIZ MAGNET TRAVERSAL
GUADRUGSPLE AND SEXTUORLL « PRINTS vUT TheE SEGUENCE

NTRACE=NTRACE~NINT
IF (NTRACE «(CES0) GC TO 23001
NC1=1
NTRACE=NTRACE+1CC

2001 IF (NQUADCEQeOY GC TO 3024
DC 30Cn2 1CG=1+NCUAD
LEQ(IQ)Y=LEQEIQY=NINT
IF (L3Q(IQ)YsGELQ)Y GO TO 3002
NCQ(Ig)=1
LEQUIGg)Yy=LSQ(IQ)»+100

3002 CONTINUE

3024 IF (NSEX.EQeC) GO TO 3025
DC 2003 1&=1eNOLEX
LES(IS)Y=LES(IS)Y=NINT
IF (LSS(IS)eGELQ)Y GO TO 3003
NesScrey=1
LSS(1s8)=LESIIS)I+100

3003 CCNTINUFE

3025 IF (NDIPLEQsC) GO TO 32026
DO 3023 1D=1«NDIP
LSDUID)Y=LSDUID)=NINT
IF (LSD(ID)YeGEWCC)Y GO TO 3023
NCD(ID) =1
LSDOID)Y=LSD(IDI+100

3023 CONTINUE

3026 IF (NOCT.EQeC) GO TO 3034
DO 2035 10=1+NOCT
LSO(IO)Y=LSO(IO)-=NINT
IF (L30(10)eGELCQ) GO TO 3035
MCO(CIO)Y=1
LEO(IO)=LSO(IOY+ 100

30235 CONTINUE

3034 NCPS=2+NSEX+NQUAD+NDIF+NOCT
I1CPs=
LCC(ICPS)Y =0
NAT(10OPS) =1
PRI(CIOPS) =
CC 3032 MK=141CO
LK=MKul

IF (LK «NFJNTRACE)Y) GO TO 3005
ICPS=10PE+1
LOC(IOPS)=NTRACE
NAT(ICPS) =2
PRI(IOPS) =1
3005 LG 3006 1G=14NQUAD
IF (LKaNESLSG(IQY)Y GO TO 12006
I0PS=10PS+]
LCCIORS)Y=LSQ(IQ)
NAT(ICPS ) =C
PRICIOPS)Y=1Q
3006 CONTINUF
DC 3004 1
IF (LK eNF
1CPS=1CPS
LCC(I0PS)
NAT(ICPS)
PRICIORPS)
3004 CCNTINUE
DO 3028 D=1
IF (LKeNE L ST
ICPS=10PE+]
LOCEIOPS ) =LSDUID)
NAT(I0OPR) =5
PRICIORPS)=1D
3028 CONTINUE
DC 2040 [C=1+NOCT
IF (LK eNESLSO(TO)Y)Y GO TO 3040
ICPS=10PS+1
LOCCIOPS) =LLS0(10)
NAT(IOPS) =6
PRICIOPS)Y=IC

n
8]

— D= n

)y GO TO 3004

S

nnn t+e

S

) GO TO 3028



3040 CCNTINUE
3032 CCNTINUE

MOP&=NOPS+1

LOC(MOPS ) =100

DC 3007 1CPS=1«NCPS

NETEP( 1CPS)=LOC(ICPS+1)~LOC(ICPS)
3007 CONTINUF

NTRACE=NTRFACE+NINT

IF (NCl1)Yy GO TO 3Co8
NTRACE=NTRACE~-1CQ
3008 LC 3009 1Qs1«NGUALD
LSQEIQ)y=LSOQ(TIQ )Y +NINT
IF (NCQ(ICY) GC TGO 2006
LSQUIQ)=LEQITIQ)Yy=-1CO
33009 CONTINUE

DO 23010 1921 «NSFEYX

LES(I1S)y=LESUEISY+NINT

[F (NCS(1S)y) GO TC 3C1C

LES(IS)Yy=LSSISy~100
3010 COCNTINUE

DU 2029 1D=1+NLIF

LED(ID)Y=LEC(ID)Y+NINT

IF (NCD(ID)) GG TO 3029

LSDUID)Yy=LSDUID)Y=-1CO
3029 COCNTINUFE

DC 3038 1C=1NGCT

LSO(IO)=LECITOY+NINT

IF (NCO(IC)Y)Y GO TC 3038

LSO(ID)Yy=LEN(IOYy=100
3038 CONTINUE

PRINT 2011

CO 2012 10PS=1 NCPS

1 I1CPS=NAT (ICPFS)

GC TO (20131301443013+430C16+302Ce3041)«11CPS
301 LOC(1)=NINT

PRINT 3017« LOC(1)

GG TO 3021

3014 LOC(IOPS)=NTRACE
PRINT 3018.L0OC(ICPS)
GO TO 3C21
015 LAC=LOC(IOPS)+NINT
IF (LACeGTo100) LAC=LAC-100
LOC(IOPS) =|_AC
PRINT 301G FRICICPS) LOC(ICPE)
GO TO 30&1
3016 LAC=LOC(IOPS)+NINT
IF (LACeGTW&100) LAC=LLAC~-100
LCCICPS) =LAC
PRINT 3020 «PRICICLPS) +LUC(ICRS)
GO TO 3¢C21
3020 LAC=LOC(ICPS)Y+MINT
IF (LACWGTL100) LAC=LLC-1CO
LOC(10PS) =LAC
PRINT 3021.PRI(ICPS)LCCIICPS)
GC TO 3021
3041 LAC=LOC(ICPS)+NINT
IF (LACeGTe100) LACE=LAC=-10C
LCCIOPS) =LLAC
PRINT 30394+ RITIIFS)
3021 PRINT 3C22«NSTEP (10
3012 CCNTINUE
DO 3000 1CPL=1NCFES
CC 2023 KF=14LF
IF (LSTSI(KF)eNF «LOC(IOPS)) GC TO 3033
RCO(IOPS) =AMR (KF )
VCO(IOPS) =AMV (KF )
GO TO 23000
3023 CONTINUE
3027 RCO(IOPS)=04C
VCO(IORS)Y=0eO0
300C CCNTINUE
3011 FORMAT (1H1e// 45X e ' SUMMARY OF EJLCTIUN CUMPONENTS Y ¢ /75X ¢ 8 % %% %% % 3% %%
{HEFEHREHRH R R HRFRKER

. UC( [UFS)
PS

3017 FORMAT (SX¢/ENTRY CUNDITIONS (RLAL) FOR STRAIGHT SECTION NO =0,1
13)

3018 FORMAT (SX+'TRACE CONUITIONS SLT FUR STRAIGHT SECTION NO' s6Xet=t4]
13

3019 FCORMAT (5X+tQUALRUOFLE NO' eI 3¢r' SET [N STRAIGHT SECTICN NQOt ¢7Xet =0
1¢413)

3020 FURMAT (SX'SEXTUCPLE NO'+I3¢' SET IN STRATGHT SECTICN NOt¢BXetzt,
113)

3022 FCRMAT (5X+tNO CF MAGINETS THRAVERKSEUD ' 448Xe =19 134/)

3031 FORMAT (SX+UIPCLE NO ¢ 4120 tS5LT IN STRATGHT SECTION NOUt s 10Xet=041
13)



3039 FURMAT (55Xt 0OCTTHCLT NG "o 136t LT IN STRAIGHT SECTION NO Ve 06X !
1= 4173
RE TURN
END



8CC0O
8003

8001
800¢2

SUBROUTINE METHKIC (ZeNMyMMaKN)
CIMENSION Z{MMeNM)

CCNVERT FROM MMSL TO MeETRES ACCCRDING

IF (KNeEGe2) GC TO 80C3
oC |sone J:]qNM

DC 80ONC K=1 MM
Z(KaJYy=Z(KaeJ) ¥ {1
GO TO RQoO?

DO 8001 J=1+N\M

DG 8001 K=14¢mM
ZIiKeJ)I=Z(KeJIF¥I1COGOQ
CCNTINUE

RE TURN

END

TO THE VALUE OF KN



3000

SUBROUTINE QUATRA (CORD NI CONSQIRCURKRSVCOKR ¢SHIFTaMOC)
DIMFNSION CORD(4+N)
COCMMON/F /RDI SR

QUADRUCPLE TRAVERSA. USING THIN LENS ARPRPRUXIMATICN

DC 9000 J=14N

XQ=CORD (1 s+ V) +RUISP+RCURKKR-((SHIFT*(c=MUC) ) )
YQ=CORD (3¢ J)+VCURPR=(SHIFT* (0OC~-1))
CORD(2+¢J)=CORDI(24+sJ)=(CONSG*XQ)
CCRD(44J)=CCRD (4 +I)+(COENSQRYQ)

RE TURN

END



(e]e!

5005

5006
5000

5001
5002

sS003
5007
5008

SUBROUT INE NORM(CURD ¢ CCRDINsiveNNGNST 1)
DIMENSIUN CURD(44N) s CURDN(4 9N)
COMMON/C /EF «BD

COMMON/E/ZC1C2

CCMMON /R / JUPR

NORMALL I ZES
VALUE OF NN AND

FARTICLLD CU-ORUINATES 4ND VICE VERSA
STRAIGHT SZITICN

NET2=NST 1 /2
NREM=NST 1= (NST*2)
IF (NREM+EQeD) GC TO 5005

F FOCUCING

Di=1e0

D2=BF

D3=C1

Da=C2

IF (UPRWEQD) GGC TO 5CC6H
PRINT S5CC7«NSTI

GO TO 5006

D FOCUSING

D1=C1

D2=Cz2

D2=1.0

Da=RF

IF (UPRGEQLOY GC TO S0OCe
PRINT 5008 «NST!

IF (NNsFQe2) GG TO H0C2
DO 5001 J=1a4N
CORD(14J)=CCRDN(14J) /01
CCRDI(24+J)=CORDN(Z24J)Y 72
CCRD(3¢J)=CCRDNI(34J) /L3
CORD (4 +J)=CORLNI(G s J) /D4
CONTINUE

RE TURN

DC S5C03 J=1asN
CORDN(14J)=CORD(isJ)RD1
CCRDN(2+¢J)=CORD(24sJ) %052
CORDN (23 4J)=CORDI(34J)*D3
CORDN(4+J)=CORD (4 4J) %14
CONTINUE

FORMAT (5X s INOFRNM Fte]Z)
FORMAT (5X s INOFRM D1elh)
RE TURN

END

LCCCRDING TO THE



6012

6006

6000

6004

6001

6002
6003
6010
6011

SUBROUTINE TRAVERS (CORDWCORINGFPS sINe [LHFSINLUCINNSTER )
DIMENSION CCRDUI4IN)IIPO(4404910)0Y(4410)1CORDNII4G4N)
COMMON/R/ JPR

MATRIX OPERATIONS FOR MAGNLT TRAVERSAL

IF (UPR.FGeC) GO TO 6012

PRINT 6003¢ICPS

PRINT 6011 «NNSTEP

CCONT INUE

CalLL NORM(CORD+COURDIVaNsZ o NLOUC)
DG 6006 J=14N

DO 6006 1=144

Y(leJy=0a0

CO 6000 J=1sN

DQ 60N0 =144

DO 600C K=14+4

Y(Tad)zVY (Tl eJ)I+(PS(TK«IOPSY*¥CORDMNIK I Y )

DO 6004 J=1N
DO 6004 1=14¢
CCRDN(1+41=060
DO 6001 J=1+N
DO 6001 =lec

CCRON(Taed)=Y(]40)
NLIC=NLOC+NNSTEPR

CALL NORM(CORDCCRDINeMNg 1T oNLTIC)
IF (JUPRWFQ40) ~C TO 6002
PRINT 601C

CONT INUE

FORMAT (/¢8X 41 10FS = V]
FORMAT (SX«+'END OF TRAVER
FORMAT (S5Xs ¢INSTER =1

RE TURN

END



SUBROUT INE TRANSF(PS«JSTWJ)
DIMENSTION PS(444410)
COMMON/D /0GR QV
TO CALCULATE THE TRANSFER MATKICES FOR MAGNET RPERIODS (NSET/2)
MATRIX ELEMENTS SET FOR USEL. WITH NOTMALIZED CU=ORDINATES
IF (JeNFel) GO TO 195
PRINT 194
195 P1=3,14159
R=QR¥P 1 #0 e 02%J&T
VzQV¥PI¥0e02%JUsT
PRINT 1964+JSTeReV
PS(1414J)=COS(R)
PS(2s14J)==SINI(P)
PS(3414J)=0e0
PS(4414J)=0e0
PS(1424J)
PS(2424¢)
PS(3424¢J)
PS(4424J
PS(1+434J
PS(2¢30u
PS(3¢34u
PS (4434
PS(led0y
PE&(2484J
PS(364,4J
PStasasJ
DC 197
167 PRINT 1004 (FS(TsKeJ)sK=144)
PPINT 108
194 FORMAT (SXe tMAGNET TRANSFERK MATHRICESt o/ ¢ 55X ¢ 1 %3 3% 3 9 3 3 3 9% 3 3 % % 3 3 % % % %36 % %

— o~
o ™
—e
. s
-
~ C

~ <
< -

~ODIDH—=NOCOD~N
Z ~

-
)w
¢
w
-~ C

1
-
.

PNTe e NQe oo e NT
o~

Lo | L T T T O 1 T 1 1

LEE Ro ol lgloXoRoRe vl |

Il v v o o —

1¥%04,//)
196 FURMAT (SX4¢*NO OF MAGNET UNITS TRAVEKSED = 14144/5Xe 'RAUDIAL PHASE
2JUMP Y 13X s 1=143F 10049 /95X e "WERTICAL PHASE JUMP 1 411X, '=0 4F 10044/ )

198 FORMAT (//)

190 FORMAT (S (SX«FICeS))
RE TURN
END



SUBROUTINE DATAQUT (CORDsCURDNINI IREV o MREV e XToeXPTeYTWYPT)
DIMENSION XTIMKEVIN) ¢« XPTIMRIVeN) o YT (NMNKEVIN) s YPT (MREV oV )
DIMENSION CURD (4 «N) sCURDN(G ¢ N)
DIMENSION [CRED(50) +NCRED(50)
COMMON/U/NVNPRINT
IF (IREVeGTel) GO TO 7006
PRINT 7017 °
7017 FORMAT (SXe "X (MM) 1 9OX e EXPIMRAD ) * e 8X g 1 Z(MM) ¢ 4 OX o VZP (MRAD) ¢ o
18X e X (MM) 1 4gOX g I XP(MMEG) 1 ¢ B3X o 1Z(MM) 1 4OX 41 ZP (MMEQ ) 14 /¢ SX o § 3% %% % %% X%
2 3 I I I K I K F IR R TR K K I T KK H K KK ST I K I I 3030 36 I I K I3 I S M I I I K #
3****************“%*% IEEEEE & EEE TR L XL LN v /)
DO 7007 J=1oN
*SICRED(J) =0
7007 NCRED(J)=200
7006 CCNTINUE
JREV=IREV=1
PRINT 7C00+JREV
7000 FCRMAT (/748X tCYCLT MO = 1'413)
DO 7002 vu=1aN
XMAX=SQRT ((CORDNI{ ] ¢ J)*#2 )+ (CORDN(2sJ) *¥*2y)
ZMAX=SQRT ({ (CORDNI( 34 P ¥ X2 )+ (CORDNI(G4 eI ) ¥%*2 )
IF (XMAX e GF 8 10CaCeOReZNMAXeGEL&a1C0e0) GO TO 7003
IF (ICRFDI(J)eEQs1l) GO TO 7CO08
IF (MPRINTLEQsC)Y GO TO 7012
XT (IREVsJ)=CORDNI(1 +J)
XPT(IREVsJ)=CORDN(Z24J)
YT (IREVeu)=CORON(34J)
YPT(XQEV;U)=CORDN(49J)
GC TO 70158
7012 XT (IREV«J)=CORD(14J)
XPT(IREVeJ)=CCRDI24J)
YT (IREVsJ)I=COFRD(24J)
YRPT(IRPEVsJ)=COFRD (440
7015 PRINT 70014 ((CCRDIKsJ)sK=]94) ¢ (COCRDN(KOJ) s =194))
GO TO 7002
7003 CONTINUE
DO 7004 K=14s4
CORD(KesJ)=0a0
7004 CORDN(KesJ)=CeO
XT (IREVeu)=0e0Q
XT(IREV«J)=060
XPT(IRPEVIJ)I=0el
YT(IREVQ\J)=COO
YPT(IREVeJ)I=Qel
PRINT 70054
7005 FORMAT (SX4'PARTILCLE NC t4124 LOST)
ICRED(J) =1
NCRED(J)=IREV=-1
GC TO 7002
7008 PRINT 7009 NCRED(U) .
7009 FORMAT (38X 'PARTICLD ALREADY LOST FROM TRACE ON CYCLE NOYv415)
DU 7011 K=144
CORD(K+«UI=0eC
CCRDN(KasJ)=CeC
7011 CONTINUE
XTOIREVeJ)=0e0
XPT(IRPFVeJ)=Cel
YT(IREV.+J)=04eC
YPT(IRPEVIJ)=Cel
7002 CCNTINUE
7001 FORMAT (4X48(F7e3¢48X))
RE TUPRPN
END
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SUBROUTINE SEXTRA (CORDsNsCONTS e MUDE s RCCRR ¢« VCURRISHI TF +MOCS)
DIMENSION CORD(44N)
COMMON/F /RD ISP

SEXTUORPLE TRAVERSAL UDING THIN LENS APRPROXIMATION

MODE 1 CORPRESFONDS TC SEXTUCFLE POULES ALONG THE XAX1S
*#%%¥ CONVENTICON  %*x

FOSITIVE SEXTUCPLE CURRENT

NEGATIVE K2 NORMAL I ZED

POSITIVE K4 NORMAL 1 ZED

POSITIVE K6 UNNCRMAL T ZED

ADV=VCORR=(SHITF#(MOCS~-1))
ADR=RCORR4RDISF-(SHITF ¥ (2-MOCS) )
DO 9011 J=1e¢N
CORD(14J)=CCRD (1 +J)+ADR
9011 CORD(34J)=CORD{(Z24J)+ADV
CCNSS=CONTS*#100Q0.C
IF (MODFeEQel1) GG TO 9015
Ll=1
L2=2
L3=3
La=4
GO TO 9016
9015 L1=3
L2=4
L3=1
La=2
9016 DC 901

((XS*¥XP )~ (ZLH¥*2) ) *CUNSS)
(XSHZS)*240%CUNSES)
9010 CCNTINU

9014 CONTIN

=1
=CCRD(1+J)-ADK
=C

G012 CORD(3, ORD(ZsJ)—ADV



SUBROUTINE DIPQL (CURD «NsLUCO s JNUPS s QUND )
DIMENSION CCRD(44N)
JD2=(UNOPRPS*2)
DO 950C J=1N
9500 CORD(UDR2¢u)=CORD(JIDZ «J)+COND
RE TURN
END



9400

SUBROUTINE COCTRA (CORD«NsCUNOsRCORK s VCORR Y SHI eMD)

DIMENSION CCRD(44N)
CCVMON/F /FD ISP

OCTOROLE TRAVERSAL USING THIN LENS APPROXIMATION

ADX=RCORR4+RDISP~{(SHI* (2-MD}))
ADZ=VCORR= (SHI¥(MD=-1))
DO 9400 J=1N

XS=ADX+CORD(14J)

Z2S=AD7+CORDI(34J)
CORD(2e¢J)=CURD (20 J)+(CONUNXSH ( (XSX*XD 1~(3,
CURD(44J)=CORD (44 II+(CONOFZEH((ZS*¥*D)=(3,
CONTINUE

RE TURN

END



ogas

9994

G999

oo8e

9985

2984

2988
COR7

99363
9991

99a2

9989
9998

c983
Q996

(aYoXahrd

SUBROUTINE DRAW (XTeXPTsYTsYPTaNeMREV)

2)

1

DIMENSION XTIMREVIN) o XPTIMKEVeN) o YTINMREVIN) ¢ YPTIMREV eN)aXA(100)eYU

10100) 4 XD(2)aYDI2) o XTEXT(3) o YTEXT(3) o XINTCL1) o YINTCL1)YeXFINC(I)sYFINC(]

COMMON/A/NINT ¢NTRACE

COMMON /X /NXHE ¢ NZP

DATA XTEXT(1)eXTEXT(2)«eXTCXT (L) /0 HORIZO e INTAL PHASE 'y ¢ SFACE
'/

DATA YTEXT(1)sYTEXT(2)«YTEXT(3) /0 VERTIvstCAL PHASE 1,4 tSPACE
vy

1

DATA DX +DN/EDOeCoe=6Ce 0/
DBR=DN=Z2C 40
DA=DX+200C

IF (NXP4EQs0) Ll=
IF (N7P.E0.0) L=
LREV=MREV=2

CaLL TVERGMN(6)

DO 9907 JU=14sN

DC 9906 L=l lsLc
DO 9909 JUREV=1,4,LREV

IREV=JUREV+1

IF (LeEQez) GO TO 9995
XA(JIRFV)=XT(IREVJ)

YUCIREV)I=XPTIREVLJ)

GC TO ©99a

XA(JURFVYI=ZYT(IREV e J)

YUCJUREV)I=YPT(IREV,J)

XABS=ABS (XA (JREV))

YABS=ABS (YU(JUREV))

IF (XABS eLE sDX e ANDeYALS sl eLX) GU TO 9999
XA(JREV)I=CWeO

YU(JUREV)=0eC

CONTINUE

IF (LsENeZ2)y GO TO 998€

XINT(1)=XT(14J)

YINT(1)Yy=XPT(14J)

XFINC(1)Y=XT(NREV s J)

YFIN(1)Y=XPTI{MREV«J)

GC TO <985

XINTC1)Y=YT(14d)

YINT(1)y=YRPT(1+J)
XFINC1)=YT(MREV.J)
YFINC1)=YPT(MREVJ)
XARS=ABS (XFIN(C1))

YABS=2ABS(YFIN(C1))

IF (XABSeLTeDXeOURSYABSeLTsLX) GO TO 6984
XFIN(1)=0e0

YFIN(1)Y=0e0

CONT INUE

CALL TVRNG(IUSER ' CB«CRDAWTA)

CALL TVAXIS (v>¥ V' yDNsDNeDXs+104)

CALL TVAXIS (tX 1 4DNeDXsDXs+1e4)

CALL TVAXIS (1Y 1 4DXeDNaDMXe+144)

CALL TVAXIS ('Y 1 ,DNsDNeDRa+1e¢4)

CALL TVvLEBEL (tX1aDNeCHICXe+1 e4+6H(FOel) 86
CALL TVLEL (1Y 1 4ONONIEXa+1 14+6H(FEel1 )16
IF (LeEQe2) GO TU 9988

CALL TUMTXT(0eC s {DX+10sC) s XTEXTe30)

GO TO o8z

CALL TUMTXTLOeD+ IDX+1De™M) s YTUXT +30)

DO ccoa KL =142

IF (KLeFQe2) GC TO SOO9OR

XD (1)=DN

XD (2)=DX

GC TO 9091

YD (1)y=DN

YD(2)y=DX

DO 9698 LD=14+3

IF (KLeEQe2) GU TO 9992

YD(1)=DN+ (DX¥|_D/2+0)

YD(29=YD(1)

GC TO 0989

}
)

XD(1)=DN+(DX*¥_D/2.0)
XD(2)y=xn1)

CALL TVDRAW (XDeYD)
CONTINUE

CALL TVPLCT (XAsYUsLREV)

CALL TVPLOT (XINTWYINTe]etx1)

IF (XFIN(1)eEQeQeQO) GO TO 9983
CALL TVPLOT (XFINsYFINglst*1)

IF (JUdEQeNsANDeLeEQe2) GO TO 999C
CaLL TVNEXT

CONTINUE
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9090 CALL TVEND
RE TURN
END



