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Summary

During the course of a computational investigation into the 
behaviour of the proton beam after acceleration^- >2) y the program 
BDP was written in CERN 6000 Fortran. This program is a more 
general version of that of 0. Barbalat^), 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. Qr, Qy, βp, βp, d∕dr 
(Q ), the moment compaction factor α and the machine magnetic field, B. κ
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 is 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.
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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 φr^ and φz^ 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)

Mi (
cos φri sin φΓ£ 0 0 ∖

-sin φr-[ cos φr-[ 0 0 I
0 0 cos φζ£ sin φ2£ I
0 0 -sin φzi cos φzi )

(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)
CORDN (2,J) = CORD (2,J) × Bf
CORDN (3,J) = CORD (3,J) × (3f∕3d)⅛
CORDN (4, J) = CORD (4,J) × (βp × 6d>⅛

(x)
(Pχ) 
(z) 
(Pz)

(2)

where J is subscript labelling of the proton.

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

CORDN (1,J) = CORD (1,J) × (3f∕6d)⅛
CORDN (2,J) = CORD (2,J) × (Bf × ⅛)⅛
CORDN (3,J) = CORD (3,J) × 6f
CORDN (4,J) = CORD (4,J)

(3)

The traversal of a given number of magnet units is then performed by 
matrix multiplication in subroutine TRAVERS.
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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 DIP0L)

Momentum jumps obeying equation (4) are obtained

∆p = Kd (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 1.

2. QUADRUPOLES (subroutine QUATRA)

The momentum jumps obtained are:

Δ Pχ = -Kq Xq

Δ Pz = +Kq Zq
(5)

where Kq is the quadrupole strength previously calculated in sub
routine DATAIN

Xq= X ÷ Rd ÷ ^corr ” $x 
Zq = Z + Vcorr - Sz (τ)

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 (^-corr, ^corr^ an^ off-centre positioning of the 
quadrupole (Sχ, Sz). The sign convention adopted here for the 

3) quadrupole current is essentially that of Barbalat , viz. positive 
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^^1.
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3. SEXTUPOLES (Subroutine SEXTRA)

Either mode of sextupole mounting may be used viz. normal or skew,
and for the case of a skew sextupole, i.e. one with one pair of poles
parallel to the horizontal plane^

Δ Pχ = -(2Xs Zs) . Ks
Δ Pz = + (Zs2 - Xs2) . Ks (7)

where Xs, Zg have similar values to Xq, Zq in (5) and again the
lens strength Ks is determined in subroutine DATAIN. The con
vention here is that positive currents produce positive momenta jumps
Δ Pz proportional to Z2 or positive jumps in Δ Px proportional to
X2 depending on which orientation is used. The characteristic
strength of the sextupole in units of Tesla.(m,Amp)~1 may be obtained

in reference 6).

4. OCTUPOLES (subroutine OCTRA)

Momenta jumps are obtained

Δ Px = +(Xs3 - 3 xs Zs2) . k
4P, = + (Z.3 - 3 Z- X 2) . k£ S b b

(8)

where Xs, Zg have the usual values and again the sign convention is
that positive octupole currents produce positive values for k.
Typical values for the characteristic strength may be obtained from
reference 6), the units being those of Tesla.Amp-1.m~2.

3. 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:



- 5 ~

Card 1: Format (14,II)

N, MPRINT
N is the total number of pro:.uns cracked (maximum 20) and MPRIN1 1 
allows for the option that both input co-ordinates and graph output 
co-ordinates are required as normalized units.

Card 2: Format (2 14)

NINT, NTRACE
The straight section locations where input and output data respective
ly are required.

Card 3: Format (2F6.3)

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

Card 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, Pχ, Z, Pz in mm and mradian units.

Card N+5: Format (314)

NQUAD, NSEX, NDIP, NOCT
The total number of quadrupoles, sextupoles, dipoles and octupoles 
respectively required in the machine.

Cards: (the next NQUAD cards) Format (13 ,F1C.4,F10.6,211,F1C.5,II)

LSQ, AQUAD, QTS, KX, KDIR, SHIF, M0C
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where

LSQ gives the straight section location of the quadrupole
AQUAD gives a value to either the quadrupole current in Ar..ps or to

its normalized strength
QTS the characteristic strength in units of Tesla.Amp 1

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

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

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

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

Cards: (the next NSEX cards) (Format 13,F10.4,FID.6,311,F10.5,II)

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"i.m-1

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, M0D=l,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, M0C=l,2
for horizontal and vertical shifts respectively.

Cards: (the next NDIP cards) (Format (214,F10.5),14)

LSD, DTS, KD, CND, JPN

LSD location of dipole
DTS characteristic stength of the dipole in Tesla.m.Amp~^
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KD index to indicate whether CND is 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 13,E10.3,F10.8,211,F10.5,II)

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-1.m~^

KO index to decide whether AOCT refers to current or lens 
strength K0(10)=0,l respectively

KOIR assigns the direction of the lens strength, K0IR=l,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) under 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.
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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 14)

NREV
The number of machine revolutions to be tracked.

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

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

Çarch N + NQUAD + NSEX + NDIP + NOCT + LF + 11 (Format 211)

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 XJ0B, 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

PROGRAM fcDP ( IMjLTvjllTP∪TfTAPEl = Π'.HUTiTAPE2=UUTPbT,TAPE6)
L∙ I MENS ION PS(4^< 10) .LGRD(4ι2∪) *C∪κ[)N ( 4 »20 ) lSHIF( 10) «MOCO{ 10)« I—SG> (

1 1 0 ) « SH I 0( 10) « MOO(10)» 050(10)» LSS (10) « Lb∪(10)» JPN( 10) « SH IS( 10) ♦HOT(
2 10) «MOD ( 1 C ) « XT ( EC » 20 ) » ∖ T ( 5C « 20 ) »uUC ( 1 0 ) « ,s* A ^1 ( 1 0 ) lNSThP (10)« *Cθ ( 2Q ) «
3 VCO ( ? 0 ) » XPT ( 50 * c 0 ) « y,P τ ( SO « 2 C )

INTEGER PP I ( 10)
PEAL K5(1C)»K6(10)<<9(10)∙K7(10)
CCMMON/H/NPEV ♦ Nb . <,6 .K7tK9, JPN» SH IF « MUCO « SH 1S∙HOT♦MOD «SH I 0 « MOO
Common∕p∕JPP
CCMMON/V/PCO« VCO
CCMMON∕X∕N×P » N7P

c READ IN DATA

CALL DAT A 1 N ( COkL » COr×jN ,N )

SEQUENCER *-■ RP ANGE ME N T CF l_ L_ L. ri L Γx T S

CALL StQbtNS ( LLC « r-ΛT «PLI « >∖STlP √∙.U∏S )
CALL ΜΕΤΡ IC(CORD «M,A, ι j
call m∈tc-ιc(cou'Γ.N∣f *4 ∙ ι !
PPI MT 1000

calculation of f z gnl÷ fz.tr i× tLLi>L∣×∣τs

DC 1 IOPS=1∙NOPS
1 call trλnsf ( pl , f∙jstlP ι ι ops ) « ι ups j

PRINT 10CO
MREV=NREV+1
DO 2 IPEV=lfVREV
DO 3 IOPS=1 » NOPS
RCOPR = RCO( I CPS)
VCORR=VCO( I CPS)
NPP I=PRI ( I OPS)
IF (JPR,EΩ.C) GO TO o
Call metric (cord ,ν,α,ρ;
CALL METRIC (CCR[A∙iN^*2)
PRINT 1CO1 » ( ( (C,CPG( I » J 1 » I = l t4) , (Cb^D∣.( hJ) » 1 = 1 l4) > i J⅛l ςN)
CALL METRIC ( CORO ∣'∙..4,!)
call metric (copunrrz∙√ i

trace required

9 NOL = NAT( I OPS)
GO TO (?«7<5*6»A.13)tNOL

7 CALL METR I C ( CORD « Nu <4,3 )
call metric(cordn»m,a«s)
CALL. DAT AOUT ( C OR u ♦ C0RDM « N < I κl. V « DRt V ♦ X T » XPT l Y T t γ μT )
CALL ME TR I C < COR'D « N * A « 1 )
CALL METR1C (CORDN*N» A * 1 )
IF (lRtV∙EQ.MRtV) Gu TC S
GO TO 10

TRAVERSAL OF OLAiJkUOPuL

b CALL O∪ΛTh∙A ( CO RD « N , K b ( M- u I ) » R C <Λ k * V C U∙χ R , Sr I F ( NPR' I ) » F OC O ( NPR I ) )
GC TO 1 0

TRAVERSAL OF SEXTUOPLE

6 CALL SE×TRA ( CORD < N ♦ K6 ( NPR 1 ) w F OD ( NPR 1 ) « r<CURR « VCORR φ SH I S ( NPR ] ) , MOT (
1NPRI))

GO TO 10

TRAVERSAL OF DI POLL

A JNCPS = JPN (NPR I )
CALL DI POL (CORD «N»LOC( I OPS ) «JNOPS♦N7 (NPP I ) )
GO TO 1C

TRAVERSAL GF OCTUPOLL

13 CALL OCTR*- ( CORD ∙ N , N9 ( NPR I ) » RCCRR « VCRRr¼ » SR I O ( NPR I ) , MOO ( NPR I ) )
10 CONTINUE

POST MORTEM OPT ICK

I F (JPR,∈Q.0) GO TO 11
PRINT 1 COD«NAT( I CPS)
CALL NORM ( CCRD » C.CRDN « N ♦ 2 * LuC ( ICRS) )
CALL METRIC (CORD ,N,A,p)
CALL METRIC <CCRDN«N*4,?)
PRINT 1 003 « ( ( ( CORD (I«u)»! = l,A)«( CORDN ( 1 « J ) . ; = 1 , zi ) ) , J = 1 . N )
CALL METRIC (CORD ^N,A.])

C

C

c

c

c

c

c



CALL metric (CORDN»N»A»1)

C TRAVERSAL Ob NSTEP<IOPS) MAGNET UNITS

11 IF (NSTEP( IOPS> ∙EQ.0 ) GO TO 3
CALL TRAVERS ( CORD ♦ <-ORDN ∙ PS ∙ N ∙ I UPS ♦ kOC ( I OPS ) « NSTEP ( I OPS > ) 

3 CONTINUE
8 CONTINUE
2 CONTINUE 

IF (N×P.EQ∙O.AND.NZP.EC.0) GO TO 12 
call draw (XT,xpt,yt,vpt.n<mrev)

12 PRINT 1000
1000 format (1H1)
1001 FORMAT (∕,5Xt∙cu∪MPl∙,/,6(3X»L12.4)»/)
1002 FORMAT (18)
1003 FORMAT (∕»5×« ∙LUUMP2∙ ♦ ∕« 6(j×»E12∙4) »∕ )

STOP
END



SUBROUTINE DATA I N(CORD,CORDN,N)
D I MENS ION LSO ( 1 C ) » L SS ( 1 0 ) * A QU/aD ( 10) , A SEX ( 10) « LSD( 10) *DTS ( 1 0 ) ∙CN∙D< 1

10), JPN ( ]0)tKD( 10) *LSO( 10)ιt'HlU(10)∙ Μυύ ( 10) * AOCT ( 1 0 ) ♦ OT S ( 1 0 ) * NG ( 1 0 )
2 *K0IR( 10) «QTS ( 10)* STS( 10) * MOD(10) ,Cθk∪(4*20) «CORDN(4,20) *LUC( 10) *N
3TEP ( IQ) * LSTS(2C ) *A∣vW(20) *AmV (20) ∣S∏IS( 10) « MOT ( 1 0 ) ∙ K× ( 1 0 ) ∙ KÜ 1 R ( 10) »
4KS ( 10) ∙KSIR( 10) « EMOD( 2 ) , HD I (2 ) * SH I F ( 1 0) ♦MOCO(10)

REAL KI ( 1 0 ) »K2 ( IC)» ∏3 < 1 0 ) ,K<⅛ dC)∣Kb( 1 0 ) »K6 ( 10)*K7< 10)∙K9< 10 ) *K10 < 1
10>∙l<ll<10)

INTFGER PP I ( 10)
C 0MMON∕Λ∕N1NT *NTR A CL
CCMMON∕E-> ∕NQU A D * t-SG * ∏SLX ,LSS∙ND IP * LSD « LSO « NOCT
CCMMON/C/bF« HD
CCMMON/O/CR,QV
COMMON/E/C1 « C2
COMMON/F/RDISP
CGMMON/H/NRtV * RO , K6 » i<7 * K9 , jFN ,SH]r» Mo C O * ShIS » ∣'v<OT » MOD , SH 1 O « MOO
CC'MMON/G/LF ♦ LSTS , AΓ'∣κ « AM∖∕
COMMON∕R∕OPR
COWON/U/h PR I Nτ
CCMMON∕X∕N×R,N7R

C READS IN DATA >’ND IMMEDIATELY PRINTS GUT ALL DATA ANO NECESSARY
c parameters

DATA BMOl) ( 1 ) ,EsMUD ( 2 ) ∕ ∙ HOP I ZCNTAL 1 , ∙ VERTICAL ∙∕
READ 2057 ,N*MPRI NT
READ 2001*NINT,NTRACD
RE AD 2002 » DE » BD
READ 2002∙QR*QV
READ 2006«ALPHA
IF (MPRI NTβEQβ 1 ) GO TO 2058
READ 2 0 04 , ( (CORL ( I * J ) « I = 1* 4 ) ,0=1 ,N )
DC 2026 J= 1 « N
DO 2026 K=l♦4

2 0 26 CCO∏N(K,J)≈0.0
GO TO 2059

2058 READ 2C04 « ( (CORDN( I « J) , ’ = 1 * 4 ) , J= 1 , N )
DC 2060 J=1*N
DO 2060 K=1 « 4

2060 CORD(K,j)=0eC
2059 READ 2043*NQUAD*NSLX,ND IH* NOCT

IF (NOUAD∙EQ∙0) r< TO 2029
READ 20 05 « ( ( LSD ( I G ) ,AGUAD( IQ) » GTS ( I G ) * NX ( IQ) , KD I R < I Q ) « SH I F ( IQ) « MOC

1O(IO))*IQ=1∙NQUAD)
2029 IF (NSEX.EO∙O) GO TO 2030

READ 2 036 « ( (LSS ( IS) » ASEX( IS) ,STS ( IS) *KS( IS) ,KSIR( IS) «MOD < IS ) « SH IS(
IIS)· MOT ( 15) ) , Ii'=l,NSEX)

2030 IF (NDIP.∈OsO) GO TO 2044
READ 2010« ( (LSD( ID) * DTS ( ID) *KD( IC) * C*D( ID) « J∏N( ID) ) * ID=1 * ND IP)

2044 IF (NOCT∙EQβO) GO TO 2089
Rt AD 2 076 ♦ ( ( LSO ( I 0 ) » A OCT ( IO) , UTS ( I u ) ♦ ∣∖Q ( d) ,KU I∏( IQ) *SH1O( 10) , MθU (

1 I C ) ) * I 0=1 *NOCT )
2089 READ 2006*8

READ 2 0 06*RD ISP
PEAD 2006*QRAD
READ 2000*LF
IF (LF.EQ.O) GO TC 2031
READ 200.3 * ( ( LS>TS (IF), AT R ( I F ) , Ap∣V ( I F ) ) , I F = 1 « LF )

2031 READ 20CC⅛NREV
READ 2028*OPR
READ 2074,NXP,NZP

c calculation of f-achinl. para1-iltlre

C=0.299793
RN=70.079
p=e*rn*c*o« 0001
FP=ALPHA*RDISP/RN
P = P*( 1β 0 + FP)
RN=RN÷RDISP
bpho=rn*b*o β OOC1
C 1 =SORT(8F∕BD)
C2=SQRT(8F*BD)
PRINT 2007
PRINT 2014*8
PRINT 2015*P

PRINT 2C08*NREV
PRINT 2009*QR*OV*BF*bD
PRINT 2075*ALPHA

C CALCULATION OF QUADRUPLE CONSTANTS

IE (NOUΛD.EΩ∙O) To 2032
DC 2055 IO≡1*NQUAD



MCC=N,'OCO ( I Q )
LOS≡LSQ(I Q ) /2
LREM≡LSQ(IQ)-(2*LQS)
IF (LREM∙EQ∙O) GG T∪ 2039
BQ = BF

BO 1= BD
GO TO 204C

2039 BQ = PD
BOI=PF

PΩ4O CONTINUE
IF (KX(IQ)lEQ∣C) GO TO 2067
IF (KDIP( IQ).EG*2) GO TO 2 068
K 1 ( IQ)=AQ∪AD(IC)
GO TO 2064

2068 K3(10)=AQUAD(IQ)
KI ( IQ)=(-1.0*K3( I G ) *3G)∕BG1
GO TO 2065

2067 K 1 ( IO) = (-1 ,O*QTS( 1Q)*AG∪AD( IC ) *BQ)∕BRHO
2064 K3( 10 ) = (- 1 ,0*K1 ( I 0)*BQ1 )∕BQ
2065 K5( IQ)χ-l ,∏*K1 ( ιo)∕ao

IF (KX(IQ)lEQ.C) GO TO 2066
AQUAD ( IQ) = (-1 ∙ 0*K 1 ( 10) *E≈kHθ )∕(GTS( IO)*θG) 

2r>66 PRINT 201 1 » IQ*LSQ( IO) , IO*ΛQUAD( IQ)
PRINT 3024»IQιGTS(IΩ)
PRINT 2018 ⅜ IQ∙K1 ( IQ)
PR I NT 2041∙K3(IQ)
PRINT 2 0 62 « IQιrΛUD(∣ΙCU) « Sri I F ( IQ)
Sh I F ( I Q) = SM I F( I G)∕1u G 0.0

2055 CONTINUE

C CALCULATION OF SEXTUPLE CONSTANTS

2∩72 IF (NSE×∙FQ∙O) GO TO 2023
DC 20 12 IS=1 « NS∈y
MS=MOD(IS)
MT=MOT(IS)
LSSS=LSS(I S ) /2
LS≡M=LSS<IS)-<c*LSSS)
IF (LSEM.EQ∙O) GO TO c03I
BS = BF

BS 1=SQRT ( (BD**3>∕BF )
2037 BS=SQPT((tD**3)∕bF)

BS 1=BF
2038 CONTINUE

IF (KS(1S)*EQ.C) GO TO 2070
IF (KSIR(IS).EQ.2) GO TO 2071
K2( IS)=ΔSE×( IS)
K4 ( 1 s ) =K2 ( I S ) *5S 1 * ( - 1 .0 ) ∕f3S
GO TO 2072

207 1 KA ( IS ) =ASE×(IS)
K2( IS)=K4( I S)*bb*(- 1∙0)∕BS1

20 72 K6( IS ) =K2(IS)ZbS* (- 1∙O**MS )
ASEX( IS) =K6( IS) *8RHO* 1 000.O/ST S( IS)
GO TO 2073

2 0 70 K6( IS)=STS( I S ) *ASF×( IS )∕(HRhO*1000∙0) 
K2 ( I S ) =K6 (IS) *ES* ( - 1 ∙ O**V∣S )
K 4 ( I S ) = K 6 ( I S ) * 8 S 1 * ( - 1 ∙ 0 * * ( M S + 1 ) )

2073 PRINT 2013 ♦ IS«LSS( IS) , I S♦ASEX( IS)
PPINτ 2027 ♦ IS♦STS( IS)
PRINT 2035 * I S « bi’ OD ( ∣⅛ )
PRINT 2019 «IS « ( IS)
PR I NT 2042 ⅜K4( lb)
PRINT 2 063» IS∙rM0D(NT ) < SFι I S < Io )
SHIS( T S)=SHIS( IS)∕100 0∙0

2012 CONTINUE

C CALCULATION OF L1POLE CONSTANTS

2033 IF (NDIP∙ΓO∙O) GO TO 2049
DC 2045 ID=1 ∙ND I P
LDD=LSD(ID)/2
LDEM=LSD(ID)-(2*LDD)
IF (LDEN.tQ∙O.AND.JPN(IS).lQ.2) GO TO 204fe 
IF ( LDEM . EQ ∙ 1 . ^NU . JPN ( I e. ) ∙ (-G . 1 ) GO TO 204o 
8DD=C2
GO TO 2047

2046 BDD=BF
2047 PRINT 204«i ID« LSD( I D )

KVOD=JPN(ID)
PRINT 2056♦ID∙rMCD(KMOD)
PRINT 2050 « ID* DTI. ( ID )
IF (KD(ID)∙EQ.1) GO TO 2051
K7(ID)=CND(ID)*DTS(ID)∕BRHO
STRF = K7( ID)*BDD* 1000.0



PRINT 
P R I N I 2 0 5 c≤ » I I) » C N u i i u ) 
PRINT 2054 
GO TO 2C∙45

20 5 1 PRINT 2053* Ii∕√'ND( U)
K7( ID) = CN∏ ( I D ) ∕ ( i'DD* 1 COO.C ) 
CND(ID)=K7(ID)*hPH0∕DTS(ID) 
PRINT 2 0 5 2 » I D « f'ND(ID) 
PRINT 2054

2045 CONTτNUE

C CALCULAI I0∣'> OF- UCTUPCLL CONSTANTS

20g9 IF (NQCT∙tQ∙O) GO To LL77 
LC 2076 10=1»NOCT 
KR = K0IR(I O ) 
KM=MQ0(10) 
LO=LSO( I 0 ) /2
LOFM=LSO( I 0 ) -(2*LC)
IF (L0∈MβE0β0) GC TU 207R
PO = FF
BO 1 = ( PD**2 ) ∕t='R
GO TO 2080

2079 ∂O=(UD**2)∕5F
BC1=bF

2080 IF (KO( I 0 ) ∙EQ.7) GO To 208 1 
IF (KR∙EQ . 2) GO TO 40 82 
K10(IO)= ACCT(IC)
K 1 1 ( I 0 ) = K 1 0 ( I O ) *~C∙ 1 ∕LC
GO TO 2083

2082 KJ 1 ( IΩ)=AOCT( iC !
∣< 1 0 ( I O ) =K 1 1 ( I 0 ) *bO∕r5O I

2 08 3 Ko ( I 0 ) = ( K 1 0 ( I 0 ) * 1 rTU0U'. ,. ) ∕□C 
ACCT(10)=KQ(I0)*bPHu∕uTc(IU) 
GO TO 2C84

208 1 K9(IO)=OTS(IO)*miCT( I <∙ ) ∕LRr-u 
κ 1 o ( I O ) = K9 ( I O ) * oC*0 ∙ 'JX,(. 0 0 1 
KI 1 ( I O ) = κ 9 ( I O ) *c>L1 * 0.3 0 0 0 0 1

2084 PRINT 20fc5lICiLbL(lv),IO,AUvι(U) 
PR I NT 208 6 « I O « G 1-( Iu ) 
PRINT 2087. K 1 0 ( I C ) < i< 1 1 ( I C ) 
PR I NT 2088 «10, HVOD ( Kf∙i ) ,f-HIO( I O ) 
SHIC( IC)= SH Î O( IC )∕19 Ο Ο.0

2078 CONTINUE
2 077 PRINT 2017. RD I DP 

PRINT 2025.QRAD 
PRINT 2061 
RD I ( 1 )=RDI SR 
CALL MET∏IC(RD I ♦ 1 ♦ 1 - 1 ) 
RD ISP = RDI ( 1 )
IF (LFÆÜ.0) GG TO <≤O o4 
PR I NT 202 1
PRINT 2022» ( (LEIS (I^T), AMR ( 1ST ) ,∕1MV( 1ST) ) « I ST≈ 1 « LF )

2034 PRINT 2016ιN<NlNτ
MPRONT = 2-NPPI NT
Call norm ( cord « cckdn ∙ r., npkcnt i n i nt )
CALL NORR (CORD » CCRDN,∖,2,M∣KT) 
DC 2023 J=1 ∙N

2023 PRINT 2020* < CO∏b ( I * J ) * I = 1 * 4 ) * ( CCRDN ( I * o ) « I ≡ 1 » 4 ) 
QR = QR+ ( RD 1 SR*Q∏ a-(J )

2000 FORMAT ( I 4)
2001 FORMAT (2 I 4)
2002 FORMAT (2F6∙3)
2003 FORMAT (I4.2F6∙S)
2004 FORMAT (^F10.5)
2005 FORMAT ( I 3 «F 10.4 , F I O.r> ,? I 1 tF 1 0.b , J 1 )
2006 FORMAT (F10∙4)
2007 FORMAT ( 1 Hl l∕5X, ∣ INP∪T DATA∙ ,∕.5X» ∙**********∣ .∕∕)
2008 FORMAT (5X√N∪Mbt"F UF RE VOLUT I ONS » ♦ 1 9X « ∙ = ∙ ♦ I 6 )
2^09 FORMAT (5X. ‘MACHINE V∏LUE OF GR∙ .21×♦ ∙ = ∙ .F 1 1 .4.∕.b×. ∙MACH I Nt VALUE 

1 CF QV, .2 IX♦ ,≡∙ .F11.4 .∕,tX♦ ∙VALUE GF t?F » ♦ 29X . » ≈ ∙ « F 1 1 ∙ 4 . ∕ « 5 × « ∙ V ALUE 
2 OF FD∙^9XU = ∙ .F11.4)

20 10 FORMAT (£( 14,F 1 C .5) » I 4 )
2011 FORMAT(5×9∙SLC'ICN NO CF ULACηLUPLl Nu∙i1£,1IX,∙≡∙,I6*∕∣5X*∙CURREN 

IT IN QUAD∏UCPLF NO ∙ . I l. » 1 4× . ∙ = ∙ . pr 1 1 ∙ 4 . ∙ AMPS·)
2013 FORMAT (5X . ∙SECT I CK NG OF rE×TuC∙PLL No ∙ . I 2 . j 2× « ∙ ≈ » « I 6 ⅜ ∕ « b× « ∙ CURREN 

PT IN SE×TUCPLE NO ∙ » 12.14X» ∙ = ∙ »F1 1.4» ∙ AFPS∙)
2014 FORMAT (5X « ‘MAGNET IC ! I 3LT ∙ «26×. ∙≈∙ « F 1 I∙4♦ ∙ CAuSS∙)
2015 FCPMΛT(EX « ∙MOMFNT< M∙ .92× , ∙ = ∙ .F 1 1 .4♦ ∙ GEV∕C,.∕∕)
2∩16 FORMAT (EX.‘INITIAL CC-ORCINATLS OF ∙,13.∙ PARTICLES AT STRAIGHT S 

I ECTION NO ∙ . I3.∕.5×* ∙ * ************ ** * ** ** ************* ** ************ 
2 ************* *** *■ ∙ . ∕ . 5X . ∙ X ( MM ) » ,9×, « XP ( MRΛD ) ∙ ∙8×< ∙ Z ( MM ) ∙ «
39× . ∙ ZP ( MH AD ) ∙ . pχ, ∣X(∣√∙) ∙ *L,X. ∙×p( M∣,-∣EO ) ∙ « β× » ∙ Z < MM ) ♦ « 9X « ∙ZP(<vλEG∣) ∙ « ∕ 
4 )



2017 FORMAT (5×« ∙uIoPLACLMlNT kAulAL PU□Π 1 ON H 1£Xi t≡<iF 1 1 ∣ 4 )
2018 FORMAT (5X√FCACE CF GUADRUOPlL Nu· » 1 2 « · l N RADIAL PLANt ≈∙∙F13∙6)
2019 FORMAT (5X<,F0PCE OF bLXTUOPLL· NO· * I3 * ∙ IN RACIAL PLANE ∙<∙=∙∙F13∙6

1 )
20 20 FORMAT (2X»F (F 1 1 ,6*4× ) )
2021 FORMAT (5X<∙CLCSED ORt<IT' ,∕<5X* ’STRAIGHT SECT I ON ∙ « 5× « ∙ R AD I AL D I SPL

1ACEMFNT (MM ) ∣,5χ, t VERT I CAL DISPLACfNENT(MM) » )
2022 FORMA” (12X»!3»nX»F7.3,22X»F7.3»//)
2024 FORMAT (5X. ’CONSTANT GF GUADRUOPLE NO · « I 2 » 1 3× » · = · ♦ F 1 3 · 6 · · TE SL A PER

1 AMR » )
202b FORMAT (5X, ·COE FF 1C1 CNT OF CR VmR1 At1∪N1 , 1jχ, 1 - t ,F 1 1 ,4, f PER MM· «/

_ 1 )
202 ( FORMAT ( 5X ♦'CONST ANT uF SEXTUOPLL N(j · ♦ J 2 · 1 4× ♦ » = » « F 1 3 · 6 » ∙ TESLA PER

2 AMP METκt·)
2028 FORMAT (II)
203b FORMAT (5X» ∙SE×T∪0PlS NO· » I2 * ∙ AXIS OF POLES ∙ «9×* ∙= ' « 1X♦A 1 Ο>
2036 FORMAT (I3∙F1O.4.F1O.6∙3I1∙F10.5tH)
2041 FORMAT (5X»’FORCE OF G∪ADR∪UPLE IN VERTICAL PL∆NE∙ ,3×« ∙ = ' « F 1 1 ∙4)
2042 FORMAT (5X« ’FORCE OF SE×TUCPLL IN VERTICAL PLANE · *4×« · = » « F 14·7)
2043 FORMAT (LI4)
2048 FORMAT (∕,5X,'SECT ION NO OF DIPOLE NO ∙ » I 2 « 15×♦ ∙ = ∙ » I 6)
2050 FORMAT (5X« ∙CONSTANT OF DIPOLE NO, « I 2 « 17X♦ ’ = ∙ » F 13∙6 * ∙ TESLA METRE

1 PER AMP ∙ )
2052 FORMmT (5X»’CUPRENT I in L'IPUuE Nt ' » 12 ♦ 16X» ∙ ≡ H F 1 1 »4 , ∙ AMPS·)
2053 FORMAT (5X♦∙STRENGTH GF DIPOLE NO'∙12ιl7X1∙=∙∣F13∙6)
2054 FORMAT (∕)
2056 FORMAT (5Xi>A×IS OF DIPOLE NO ∙ ♦ I 2 « 2 1 × » ’ ≡ ∙ ♦ A 1 C >
2057 FORMA T ( I 4 » I 1 )
2061 FORMAT (∕∕∕)
2062 FORMAT (5X« ∙DI A ECT I ON GF SHIFT GUADRUOPLE NO ∙ « I 2 «6X« ∙ = ∙ ♦A 10 ∙ ∕∙b×∙ »

1MAGNITU∏F 0Γ S∏ I FT ∙ » 2 2X » ∙ = ∙ ♦ F 1 1 ∙ 4 » , MM·»/)
2063 FORMAT (5X « ∙ DI A ECT I ON OF SHIFT SE×TUO∏LE NO∙ » I 2 «7×, ∙ = ∙ « A 10∙∕*5×« ∙M

1AGMTUDE OF SHIFT∏22×t ' = ' ’Fl 1.4, ∙ MM∙i∕)
2074 FORMAT (211)
207b FORMAT (5X » ∙ MOMENTUM COMPACTION FACTOR ∙ ♦ 14X» ∙ = ∙ ,F 1 1 ∙4 «∕)
2076 FORMAT ( I 3 ♦ E 1 0 ∙ 3 » F 1 0 ∙ S » 2 I 1 ♦ F 1 C ∙ 5 » I 1 )
2085 FORMAT (5Xι'SECT]ON NG OF OCTOPOLE NG ∙ « I 2 « 13×« ∙ = ∙ « I 6 »∕»5×♦ ∙CURRENT

1 IN OCTOPCLE NO∙,12*16X»∙=∙»F11.4»∙ AMPS·)
2086 FORMAT (5X ∙ ∙CONSTA∏T UF OCTOPCLE Nu∙ « I 2,1bχ, ∙≡∙ ,F 15»B» ∙ T∈SLA PER

1 AMP.MRTPE2∙)
2087 FORMAT (5X*<F0PCE OF UCTOPULE IN HORIZONTAL PL∆NE ∙ »3X♦ ∙≡∙ ∙F 16∙9∙∕∙

15×∙∙F0RCE OF OCTCPCLE IN VERTICAL RLAN∈∙ »5×* ∙ = » «F 16∙9)
2088 FORMAT (5X♦ »DIRECTI ON OF SHIFT OCTOPCLE NO ∙ , I 2 «8×« ∙ = ∙ ∙ A 1 0∙∕∙5× ∙ ∙

1M∆GNITU∏E OF S∏I FT∙ »22X» ∙ = ' *F1 1 .4 * ' MM·»/)
RFTURN
END



SUbRCuT I Nt SEGUENS UOC*NAT * Rix 1 « NbTtA « NQPS )
DIMENSION LSQ( 10) ,LoS( IO ,LUC( 10) <^AT( 10) *NSTEP( IQ) ιLSTS<20) « AMR(^ 

10) 1 AM∖,' ( pc ) « PCO ( 2 C ) √v'C∪(2C) * NCD ( 1 C ) ♦ NCS ( 10)« LSD (10)« NCD (10)« NCO (10) 
2 «LS0( 10 )

I NTFGfR ≈≡PI ( 10)
CC∙V^0N∕r ∕∣^ I NT , NTPΛCE
CCWON∕E√M,uAD » LSO « NSE× « LSS « ND I P « LbQ « LSD « NOCT
CGM∣VCN∕G∕LF «LSTS, AMP , AMV
CCMM0N∕∖∕∕PCC « vcc

C CONTROLS THE SEQUENCE OF UPukATIONi « VIZ MGN∈T TRAVERSAL
C QDADPUOPLL AND SEXT∪OHLL « Ph’NTj u∪T 7 HE SEQUENCE

NTRACE=NTRACE-NI NT
IF (NTRACE.GE.0 ) GO TO 300 1
NO 1 = 1
NTRACE=NTRACE+1CC

3001 IF (NQUAD∙EQ∙0) GO TO 3024
DC 300 IG=1*NGUAD
LSO( 1Q)=LSQ( IQ)-N I NT
IF (LSO( IQ ) ∙GE.0) GO TO 3002
NCO(IC)=1
LSO(IQ)=LSQ(IQ)+100

3002 CONTINUE
3024 IF (NsE×.EO∙C) GO TO 3025

DO 3003 18=1« N3EX
LSS (IS)=LSS(IS)-NINT
IF (LSS(IS)*GE.0) GO TO 30 0 3
nos(is)=1
LSS(IS)=LSS(IS)+100

3003 CONTINUE
3025 IF (NDIP.EO∙O) GO TO 30?6

DO 3023 ID=1 «ND IP
LSD < ID)=LSD( ID)-N I NT
IF (LSD(ID)∙GE.C) GO TO 3023
NCD(ID)=1
LSD(ID)=LSD(ID)+1OO

3023 CONTINUE
3026 IF (NOCT.EQ∙O) GO TO 3034

DO 3035 I 0=1 «NOCT
LSO( I 0)=LSO( I 0)-N I NT
IF (LSO( I 0) ∙GF.0) GO TO 3035
NCO( I 0) = 1
LSO(IO)=LSO(10)+100

3035 CONTINUE
3034 NCPS=2+NSE×+NQUAD+NDIP+NOCT

ICPS=1
LOC( I OPS) =0
NAT( 1 OPS ) =1
ppI ( I OPS) = 1
DC 3032 MK=1 « ICO
LK=MK-1
IF (L<∙NF.NTRACE ) GO TO 3005
ICPS= TOPS+1
LOC( I OPS ) =NTRACE
NAT( I OPS) =2
PPI ( I OPS) =1

3005 DO 3006 IG=1*NQUAD
IF (LK.NE.LSQt IQ) ) GO TO 3006
IOPS=I0PS+1
LOC( I OPS) =LSQ(10)
NAT( I OPS) =3
PR I ( I OPS) = I o

3006 CONTINUE
DO 3004 IS=1 «NSEX
IF (LK.NF.LSS(IS)) GO TO 3004
IOPS=IOPS+1
LOC( I OPS) = LSS(IS)
NAT( I CPS) =4
PR I ( I OPS) =IS

3004 CONTINUE
DO 3028 ID=1 » ND IP
IF (LK.NE.LSD(ID)) GO TO 3028
I OPS=IOPS+1
LOC( I OPS) =LSD(ID)
nat(iops)=5
PR I ( I OPS ) = ID

3028 CONTINUE
DC 30 40 10=1« NOCT
IF (L<.NE.LSO(TO)) GO TO 3040 
I0PS=IOPS+1
LOC( I OPS) = LSO( IO )
NAT( I OPS) =6
PR I ( I OPS ) = I 0



3040 CONTINUE
3032 CONTINUE

MOPS=NOPS+1
LCC(MOPS) = 1 00
DC 3∏07 ICPS=1<NOPS
NSTEP( I CPS ) = LOC ( I CPS+ 1 ) -LCC ( I CPS I

3007 CONTINUE
ntrace=ntpace+nint
IF (NCI) GO TO 3C08
NTRACE=NTRACE-1 CO

3008 DO 3009 IQ≡l<NGUAl)
LSO(IO)≡LSO(IQ)+N1NT
IF (NCO(IO)) GO TO 3009
ESQ ( IQ)=LSO( I 0 ) - 1 CO

3009 CONTINUE
DO 30 10 Ic=≡l<NfEX
LSS( I S ) = LSS ( I S ) +NI NT
IF (NCS(IS)) GO TC 3C10
LSS(IS)=LSS( IS)- 1 00

3010 CONTINUE
DO 3029 1D=1∙NL1P
LSD(ID)=LSO(ID)+N[NΓ
IF (NCD(ID)) GO TO 3029
LSD( ID)=LSD∣ ID)- 1 CO

3029 CONTINUE
DC 30 38 I 0=1»NOCT
L SO( IΩ)=LSO( I 0)+ N I NT
IF (NCO(IO)) GO TO 3038
L SO < 10) ≡L.cO( I 0 ) - 1 CO

3038 CONTINUE
PRINT 3011
DO 3012 IOPS=1.NCPS
I IOPS=NAT ( I CPS)
GO TO (3013«3014,3015 » 3016♦303C♦3041 ) , I IOPS

3013 LOC(1 )=NI NT
PRINT 3017 « LOC( 1 )
GO TO 3021

30 14 LOC( I OPS) =NTRACE
PRINT 30 1 A»LOC( I CPS)
GO TO 3021

3015 LAC=LOC( I OPS)+NI NT
IF (LΔC.GT∙100) LAC=LAC-100
LOC( I OPS) =L∆C
PRINT 30 1 9 « PR I ( I OPS) «LOC( I OPS)
GO TO 3021

3016 LAC=LOC( I OPS)+NI NT
IF (LAC.GT. ICO) LAC=L→C-100
LCC( I OPS)=LAC
PRINT 3020 « PR I ( I CPS) .LθC( I CPS)
GO TO 3021

3030 LΛC=LOC( I CPS)÷N1 NT
IF (LAC.GT.100) LAC=L^C-1CC
LOC( I OPS) =LAC
PRINT 3031 .PR I ( I CPS) .LCC( I OPS)
GO TO 3021

3041 LAC = LOC( I CPS)+NI NT
IF (LAC.GTβ100) LAC=LΛC-10C
LCC( I OPS) =LAC
PRINT 3039 .RRI ( 1CRS) .LOC( I URS)

302 1 PRINT 3022∙NSTEP ( I UPS )
3012 CONTINUE

DO 3000 IGPS=1.NCPS
DC 3033 <F=1,lF
IF (LSTS(KF) .NF.LOC( I OPS) ) GO TO 3033
RCO( I OPS ) = AMR(KF )
VCO( I OPS ) =AMV(KF )
GO TO 3000

3033 CONTINUE
3027 RCO( I OPS)=0∙0

vco( I OPS) =0∙0
3000 CONTINUE
3011 FORMAT (1H1t∕∕,5×*'SUMMARY OF EJECTjuN C0MP0^ENTS∙.∕5X♦∙**********

1 **********⅛*v⅛¼⅛* ¼∙κ ** I , ∕∕)
3017 FORMAT (5X<‘ENTRY CONDITIONS (REAL) FUR STRAIGHT SECTION NO =·♦!

1 3 )
3018 FORMAT (5X« ∙ TRACE CONDITIONS SET FUR STRAIGHT SECT I ON NO∙ «6X♦ » = ∙ » I

1 3 )
3019 FORMAT (5X♦ ‘QUADRUOPLL NO∙ * I 3 * ∙ SET IN  STRAIGHT SECTION NQ∙ »7×« ∙ = ∙

1 » I 3 )
3020 FORMAT ( 5× « ’ SEX TuOPl-E NO’ « I 3 * ’ SET IN STRAIGHT SECTION NO ∙ « 8X « ∙ = ∙ ♦

113)
3022 FORMAT (5X.∙N0 OF MAGNETS TRAVERSED » «4⅛X♦ ‘ ≡ ∙ « I 3,∕)
3031 FORMAT (5X»‘DIP0LE NO » ♦ I 3. ∙SET I∣n STRAIGHT SECTION NO∙ » 1 OX∙ ∙≡∙ » I

1 3 )



3039 FORMAT ( 5× « ∙ OCT CP-OLC NO N13,∣SLT IN STRAIGHT SECTION NO '1O6× 
1 = ∙ » 1 3 )

RE TORN 
END



SUBROUTINE METRIC (Z,NM,MM,KN)
dimension z(mm,nm>

C CONVERT FROM MMS TO METRES ACCORDING TO THE VALUE OF KN

IF (KN.EG. 2) GO TO 8003
DC Rθnθ J=1<NM
DC 80∏0 K = 1 « mm

8 0 CO Z(K.J)=7(K∣J)*Γ.i01
GO TO «00?

8003 DO 800 1 J=1ΛM
DO 80 0 1 κ=1 « MM

8 00 1 Z ( K . J ) ≡ Z ( κ « J ) * 1 C 00 ∙ G
8002 CONTINUE

RE TURN 
END



SUBPOUTINE QUATRA (CORD *N♦CONSO♦RCURR,VCOPP« SH I FT «MÜC) 
DIMFNSION C0RD(4,N) 
CCMMON/F/PDISP

C QUADRUCPLE TRAVERSA- OS I NG THIN LENS APPRUXI NAT I GN

DC 9000 J=1 « N
×Q=CORD ( 1 , J ) + RD I SP + RCURR'- ( (SHIFT* ( <z-NUG ) ) )
YQ=CORD ( 3 ♦ J ) +VCURP- ( SH I FT* ( .HOC — 1 ) )
CORD ( 2 « J ) =CORD ( 2 » J ) * ( CC'NSO*XQ )

9000 CCRD(4 « J)=CCRD(4,J) + (CCNSQ*YO)
RETURN
END



SUBROUT I NE NORM(CURD♦CCRDN « N,NN,NST 1 J 
DIMENSION CURD(4,N)1GORDN(4,N) 
COMMON/C/HF » BD 
COMMON/E/C1 » C2 
CCMMON∕R∕JPP

C NORMALIZES PARTICLE CO-ORD INATES And VICE VERSA ACCORDING TO THE 
C VALUE OF NN AND STRAIGHT SECTION

NST2=NST1/2
NREM=NST1-(NST2*2) 
IF (NPEM∙EQ∙O) GO TO 5005

C F FOCUCING

DI=1.0
D2=BF 
D3=C 1 
D4=C2 
IF (JPR.EQ.O) GO TO 5 0 06 
PRINT 5CC7∙NST1 
GO TO 5006

C D FOCUSING

5005 D1=C1 
DP=C2 
D3= 1.0 
DA =∈F 
IF (DPR.EQ.0) GO TO 5006 
PRINT 5008<NSTl

5006 IF (NN.FO.2) GO TO 5002
5000 DO 5001 J = 1 « N

CORD ( 1 < J) =CC'RDN ( 1 , J ) ∕D 1
CORD(2 » J) =CORDN(2 « J)∕D2
CORD(3.0)=CCRDN( 3 ♦ J )∕D3

CORD( 4 .J)=C0RDN(4.J)∕D4
5001 CONTINUE 

RE TURN
5002 DC 5003 J=1«N

CORDN( 1 ,J ) =CORD( 1 .J)*D1
CCRDN(2 « J)=CORD(2.J)*D2
CORDN(3,J)=CORD(3♦J)*D3
CORDN(4 t J)=CORD(4.J)*D4

5003 CONTINUE
5007 FORMAT (5×∙∙N0P'M F∙.I5)
5008 FORMAT (5X»»N0RM D,*I5) 

RETURN 
END



SUBROUTINE TRAVERS(CO⅛D∣COkDN∣PS*N, I UPS *Nuθc«NNSTEP ) 
DIMFNSION C0RD(4*N) » PS(4 « 4 ♦ 10) ♦ Y ( 4 ♦ 10) ∙CORDN(4♦N) 
COMMON∕R∕JPR

C MATRIX OPERATIONS FOR M∣aGNLT TRAVERSAL

IF (JPR.FQ.O) GO TO 601?
PR I NT 6003 « I CPS
PRINT 60 11 lNNSTEP

6012 CONTINUE
call norm<cord *cgrdn♦n,2 *nluc)
DO 6006 J= 1 ♦ N
DO 6006 1 = 1 « 4

6006 Y(I,J)=0.0
DO 6000 J =1 « N
DO 6000 I = 1 « 4
DO 6000 K = 1 ♦4

6 000 Y( I, J)=Y( I <J) + (PH I I OPS )*CORDN(K♦J } }
DO 6004 J = 1 « N
DO 6004 I =1 » 4

6004 CORDN(I,J)=0.0
DO 6001 0=1♦N
DO 6001 I = 1 « →

6001 CCRDN(I,J)=Y(I,j)
NL I C = NLOC÷NNST∈P
CALL NORM(CCRD w CCRDN∣N, 1*NL∣C)
IF (JPR.FQ.O) GO TO 600?
PRINT 6010

600? CONTINUE
6003 FORMAT (∕ι5><'lCPS = ∙ . 13)
6010 FORMAT (5×<∙END GF TR∕∖VERS » )
6011 FORMAT (5X∙,NSTER =∙,I3)

RETURN
END



SUPPOUT I NE TRANSF(PS.OST.J ) 
dimension ps(4.4,io) 
COMMON/O/QP» QV

C TO CALCULATE THt TRANSFER MATPICES FOP MAGNET PERIODS (NSET∕2)
c matrix elements set fop use uith notmalized co-ordinates

IF (J.NF. 1 ) GO TO 195
PRINT 194

195 P I =3. 14159
R=QR*PI*0 ∙02*0ST
V≡QV*PI*0 ∙ 02*OST
PRINT 1O6.0ST.R.V
PS(1.1.O)=COS(P)
PS(2.1.O)=-SIN(P)
PS(3.1.3)=0∙0
PS(4∣1.J)=∩∙C
PS(1,2.0)=-PS(2.1.0)
PS(2 » 2 » J)=PS< 1 . 1 .J)
PS(3∙2∣J)=0*0
PS(4,2,J)=0.0
PS(1.3∣J)=0.0
PS(2∣3.J)=0.0
PS(3.3,J)=COS(V)
PS(4,3.J)=-SIN(V)
PSI 1.4.0)≈0∙C
P S ( 2.4 . J ) = ∩ ∙ 0
PS(3,4,J)=-PS(4.3.0)
PS(4.a.J)=PS(3.3.0)
DC lo7 I=1.4

107 PRINT 1 OQ . ( PS ( I ♦ K . 0 ) . ∣< = 1 . 4 )
PRINT 108

104 FORMAT (5X. ∙MAGNET TRANSFER MATRICES* .∕.5×. 1 ********************** 
1 * * ∙ . ∕ ∕ )

196 FORMAT (5X. ∙NO OF MAGNET UNITS TRAVERSED = ∙ « I 4.∕5χ« ,RAUlAL PHASE 
2 OUMP∙ . 13X. ,≡∙ .F10∙4.∕.5X. 'VERTICAL PHASE OUMR∙ . 1 1×. ∙≡* .F 10∙4.∕)

198 FORMAT (∕∕)
1°9 FORMAT (4 (5X .F 1C∙5) )

RETURN
end



SUBROUTINE DATAOUT (CORD *CURDN,N♦ I REV *mREV«XT♦XPT*γT«YPT) 
DIMENSION XT(MREV « N) * ×PT(MR<ΞV*N) ,YT (hREV « N) * YPT (MREV *N ) 
DIMENSION C0RD(4tN)<ORDN(4iN) 
dimension ∣cred(5o>∙ncrld(5oi 
COMMON/U/MPRI NT 
IF (IPEV∙GT∙1) GO TO 700B 
PRINT 7017 O

70 1 7 FORMAT ( 5× * ∙ X ( MM )».9X.∙×P( MRAD ) ∙ * QX , ∙Z(MM ) « ,9X, ∣ZP( MRAD ) ∙ «
1ΘX∙ '×(MM) ∙ i9×pχp( MM∈Q ) » « 8× ♦ ∙ Z ( MM ) ∙ « 9×∙ ∙ZP( MMEQ ) * « ∕ « 5× * ∙ ********** 
p********************************* * * ************* *■* ********* **#.*### 
3*******************x » * « *************∙ ,∕)

DO 7007 J=1 « N
oI CRED ( J ) = 0

7007 NCRED(J)=2∩0
7006 CONTINUE

JREV=I REV-1
PRINT 7000∙JREV

7000 FORMAT (∕∕♦5X♦∙CYCL≡ NO = ∙∙I3) 
DO 7002 3= 1 * N 
XMAX = SQRT ( ( CORD’N (1*3) **2 ) + ( CORDN (2ιJ)**2) ) 
ZMA× = SOR1 ( ( CORDN ( 3 , J >**2 ) + < CORDN (4* J ) **2 ) ) 
IF ( XM Aχ ∙ GF ∙ 1 00 · 0 ∙ OR ∙-ZMΛ× ∙ GE ∙ 1 00 e 0 ) GO TO 7∩03 
IF (ICRFD(J).E0.1) GO TO 7008 
IF (MPRI NT.EQ.0 ) GO TO 70 12 
XT ( I REV∙3)≡C0RDN( 1 « J ) 
×PT( I REV * J)≡CORDN(2*J ) 
YT ( I REV♦^)=CORDN(3 * J) 
YPT( I REV * 3)≡CORDN( 4 ♦ J ) 
GC TO 7015

7012 XT (IREVtJ)≡COPD( h J)
XPT( I REV « 0)=CORD(2*3)
YT ( I REV « 3)≡COPD(3« J)
YPT ( I REV « 3 ) ≡CORD (4*3),

7015 print 700 i « ( (ccrd ( κ* u ) *κ= ι *4 ) * (cordn( κ« j ) *,<= ι *λ > j 
GO TO 7002

7003 CONTINUE
DO 7004 K=1 * 4
CORD(K*3)=0∙0

7004 CORDN(K,J)=C.0
XT ( I REV∙^)=0.0
XT(IREV*J)=0.0
XPT(IPEV*3)≡0∙G
YT( IREV * J ) =C . 0
YPT( IPEV « 3)=0∙C 
PRINT 7005*0

7005 FORMAT ( 5X * ∙ PART 1≈CLE NO ∙*I2*' LOST·)
I CRED(3) = 1
NCRFD(3) = 1 REV-1
GC TO 7002

7008 PRINT 7009*NCRED(J) ,
7009 FORMAT ( 35× * ∙ P AR T I Cu-E ALREADY LUST FROM TRACE. ON CYCLE NO·· 15) 

DO 70 11 K=1 * 4
CORD(K.J)=0 ∙ C
CORDN(K,J)=0.0

701 1 CCNTI NUE
XT( IREV * 3)=0.0 
×pτc ipf∖∕∙ jj≡o,r 
YT(IRFV,J)=0.C 
YPT( IPEV * 3)=0.0 

7002 CONTINUE 
7001 FORMAT (4X *θ<F7.3 * 8× ) ) 

RETURN 
END
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SUBROUTINE SE×TrA (CORD·N » CONTS♦MOUE♦KCCRR»VCORR« SH I TF ∙MOCS) 
DIMENSION CθRD(4∙N) 
COMMON/F/RDI SR

SE×TUOPLE TRAVERSAL USING THIN LENS APPROXIMATION
MODE 1 CORRESPONDS TO SE×TUCPLE PULES ALONG THE ×A×IS
*** CONVENTION ***-
POSITIVE SE×TUCPLE CURRENT 
NEGATIVE K2 NORMAl. I ZEL?
POSITIVE «4 NORMALIZED
POSITIVE <6 UNNCR∣Ι AL I ZED

ADV = VCORR-(SH ITF*(MOCS-1 ) )
ADR≡RCORR÷RDISP-(SH ITF*(2~M0CS) ) 
DO 9011 J=l∙N
CORD( 1 ♦U) =CCRD( 1 « U)+ ADR

9011 CORD(3»J)=CORD(3»J)+ADV
CCNSS=CONTS*1000∙0
IF (MODE∙EO∙1) GO TO 9015
L 1 = 1
L2=2
L3 = 3
L4 = 4
GO TO 9016

9015 L1=3
L2=4
L3= 1
L4=2

9016 DO 9010 J=1»N
×S=C0PD(L1♦U)
ZS=COPD(L3∣J)
CCRD(L2∙J)=CORD(L2 * J)÷( ( (×S**2)-(ZS**2) )*CuNSS)
CORD(L4 « U)=CORD(L4∣J)-( (×S*ZS ) *2∙0*CUNSS)

9010 CONTINUE
DO 90 14 J=1 « N
CCRD( 1 « U) =CCRD( 1 »J)-RDISP

9014 CONTINUE
DO 9012 U=1*N
CORD( bJ) =CCRD( 1 « J)-ADR

90 12 CORD(3♦U) =CORD(3 « J)-ADV
RETURN 
END



SUBROUTINE DIPOL (CORO» N »L∪COiJNUPS« GOND) 
DIMENSION CGRD(A,N)
JD2=(JNOPS*2)
DO 9500 J =1 « N

95 00 CORD(JD2 « L)≈CORD(JD2 « J)+COND
RE TURN
END



SUbROUTlNE GCTRA (CORD,N,CUNU∣RCORW,VCORR*SHI*MD)
DIMENSION CθRD(4∙N)
CCMMON/F/PDI SP

c OCTOPOLE TRAVERSAL USING THIN LENS APPROXIMATION

AD×=RCORR+RDISP-(SHI*(2-MD)) 
ΔD7 = VC0RR-(SH I *<MD-1 ) )
DO 9400 J=1 « N
×S=ADX+CORD(1♦J)
ZS=AD7+C0RD(3♦J)
CCRD<2*J)=CORD(2∙J)+(CONO*XS*(
CORD( 4 * J ) =Cθ∏D(4 » J)+(CONO*ZS*(

9400 CONTINUE
RETURN
END

(×S**2)-(3∙0*(ZS**2)))) 
(ZS**2∣-<3.0*(XS**2n))



SUBROUTINE DRAto' (XT.XPT♦YT♦YPT » N ♦ M∏EV )
D I MENS ION XT ( MREV , N ) ∣XPT(MRL'V,N) ,YT (N REV * N ) , YPT ( MREV »N ) ♦XA < 100) ♦YU 

1 ( 100) ,XD(a ) ♦YD(2 ) *×TE×T(3) »YTEXT(3> ♦×1 NT( 1 ) ,Y I NT( 1 ) ∙×F IN( 1 ) ∙YFIN( 1 
2 )

COMMON/A/NI NT » NTRACE
CGMMON∕×∕N×P,NZP
DATA ×TE×1 ( 1 ) *XÎEXT(2 ) . ×TEXT(3)∕∙ HOP IZO» , ∙NTAL PHASE·»· SPACE

1 · /
DATA YTEXT( 1 ) » Y TEXT(2 ) «YTEXT(3)∕ ∙ VERTI∙,∙cAL PHASE ·»»SPACE

1 · /
DATA DX*DN/60»C«-60·0/
Dp=DN-20·0
DA=DX+20·O
IF (NXP.EO∙0) Ll=2
IF (N/P.EO.O) L2=l
LREV=MREV-2
CALL TVBGN(6)
DO 9907 J= 1 » N
DC 9906 L=LHL^
DO 9900 JREV=HLREV
I REV = JREV+1
IF (L.EQ.2) GO TO 9995
XA(JRrV)=×T( I RFV « J)
YU(JREV) =XPT( I REV » J)
GO TO oq94

0905 ×A (JRFV ) =YT ( I RFV,J)
YU(JREV)=YPT( I RE V,J)

9994 XABS=ABS(XA(JREV))
YABS≡AE5(YU(JREV)) 
IF (×ΔBS.LE∙D×.AND∙YALS.LE∙DX) GO TO 9999 
XA(JREV)=C∙0
Yl(JREV)=0.0

9999 CONTINUE
IF (L.EQ.2) GO TO 9986
×INT(1)=XT(1.J)
Y I NT( 1 )=×PT( 1 .J)
×FI N( 1 )=×T(MREV, J)
YF1N(1)=XPT(MREV.J)
GO TO qo∈5

9986 X I NT( 1 )=YT( 1 .J)
Y I NT( 1 )=YPT( 1 » J ) 
×FIN(1)=YT(MREV.J) 
YF I N ( 1 )≡YPTI M'REV ♦ J ) 

9985 ×ABS=ABS(XFI N( 1 ) )
YABS=ABS(YFI N( 1 ) ) 
IF (XABS·LT·DX·OR·YABS∙LT∙D×) GO TO 9984 
×FIN( 1 )=0.0
YFIN( 1 )=0.0

0984 CONTINUE
CALL TVRNG( ·USER· .DB»DB,DA♦DA ) 
call tvaxis <∙x∙.dn∙dn,d×.÷i.4) 
CALL TVA×IS ( » X · »DN.D×»D×* + 1 » 4) 
call tvaxis (υ∙.dx.dn.dx*+i.4) 
call tvaxis (·y·.dn.dn.dx» + i.4 ) 
Call TVLBL ( ∙×∙ .DN.LThCX.+ l ,4.6H(Fb.l ) »61 
call tvlb^l (·y·»dn,dn.dx.+i.4.su(fô.i)»6) 
IF (L.EO.2) GO to 9988 
CALL TVMTXT(O.O.(D×+10.0)«ΧΤΕΧΤ»30) 
GO TO ooq7

9988 call tvmtxt(o∙0.(d× + ic.o>,γtext♦30> 
0087 DO QOOQ KL≡1<2

IF (KL.FΩ.2) GO TO 9993
×D(1)=DN
×D(2)=DX
GO TO 9991

9993 YD(1)=DN
YD(2)=DX

9991 DO 99q8 LD=1∣3 
IF (KL∙EQ∙2) GO TO 9992 
YD(1)=DN+(D×*LD∕2.C) 
YD ( 2-) =YD ( 1 ) 
GO TO 0989

9902 ×D(1)=DN+(DX*LD∕2.0)
×D(2)=XD(1)

9989 CALL TVDRAψ (×D.YD)
9998 CONTINUE

CALL TVPLCT (XA.YU.LREV)
CALL TVPLOT (X I NT.Y INT, 1 , ∙*∙ ) 
IF (XFIN(1)∙EQ.0.00) GO TO 9983 
call tvplot (xfin.yfin,ι.∙*∙> 

9983 IF (J,EQ.N.AND.L.E0.2) GO TO 9990
CALL TVNEXT

0996 CONTINUE



Q°9∩ CALL TVEND 
RFTUPN 
END


