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For pure-periodic accelerator lattice, MAD provides a very con- 
venient description due to the feature of line multiplication. For 
example, consider the AGS Booster which has six superperiods: If one 
of them is described as 

SUPER: LINE = (Ll, L2, ...., Ln), 
then the whole machine is given by 

I 

BOOSTER: LINE = ( 6  * SUPER). 

However, if the machine is not purely periodic, then some of the peri- 
ods would have to be described individually. 

When the differences in the periods can be described in terms of 
mathematical functions which can be written or accessed in Fortran (or 
some other machine language), relative simplicity in lattice descrip- 
tion can be retained; it is not necessary to go to an enumeration of 
each and every element in the MAD input file. This can be achieved by 
producing the necessary machine element definitions as a Fortran output 
file which looks like lines of MAD definitions and then using this file 
later to be part of the MAD input definition. 

Let us consider the Booster, where each bending magnet has two 
sextupoles with random strengths. 
(with random strengths) in the full lattice. 
machine may then be separated into two parts: 
72 sextupoles and (2) a description of the rest of the nachine. 

Thus, we have 72 end-sextupoles 
A description of the 
(1) a description of the 
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Appendix I gives an example of a CDC program whch produces t h i s  
two-part description. The f i r s t  p a r t ,  a (Fortran) program MADINP, 
generates t he  set of 72 sextupole d e f i n i t i o n s  which are wr i t t en  i n  
MAD-input format on t h e  output f i l e  "Tapell". The s t r eng ths  f o r  t he  72 
sextupoles can be evaluated by any des i red  Fortran program, e.g., a 
randomly d i s t r i b u t e d  Gaussian, e tc .  I n  t h e  second p a r t ,  t h e  regular  
MAD input sequence contains the  desc r ip t ion  of t he  remainder of t h e  
machine together with t h e  MAD ins t ruc t ion .  

CALL, 11 brings i n  the  previously defined sextupole descr ip t ions  
from t h e  f i l e  "Tapell". The program then operates on a la t t ice  whose 
complete descr ip t ion  i s  provided by both par t s .  

An i l l u s t r a t i o n  of output f o r  t h i s  combined Fortran-MAD descrip- 
t i o n  is  ghven i n  Appendix 11. 



i 
I. 

NAME,STMFZ,T176,Pl. W*WWMCW* APPEND I X I W X C M W t W W  
QCCOUN'T,NAME, Act*, Ace*. 
REQUEST, TAPE 1 1 , *PF . 

' ATTACH (NAG 1 c ElRGSCL I B  1 1 
_. ATTACH (NRG2,MAGSCL IE2) 

ATTACH.. BNLX. 
LIBRRRY(NQGl,NAG2,BNLX1 
FTN(ROUND,OPT=2) 
MAPCOFF) 

ATTACH, MADTRK, ID-EHA. 
ATTRCH, L I B  1 , MRDL I B  , ID=EHA. 
LIBRARY, L I B  I .  
MADTRK . 

. LGO. 

%%EOR 
PROGRAM MADINP (TAPEI1,OUTPUT) 

.w 
L 

C THIS  PROGRAM WRITES INTO TAPE 11 ERCH OF 72 SEXTUPOLE ELEMENT 

C NUMBERS WITH GAUSSIAN DISTRIBUTION (MEAN=@. SIGMA-0.5) 
' C  DEFINITIONS AFTER SEXT. STRENGTHS ARE CALCULATED AS RANROM 

C 
REAL G(35DDF 
REAL Z 
WRITE(11,901 

CALL G85CEF(01 
DO 50 K=1,72 

20 Z=G05DDF10.0,0.5) 

C CALL SEED SUBROUTINE 

C CALL RANDOM NUMBER GENERQTOR 

C CHECK FOR THE RULE OF 3 8 S I 6  
IF  (ABS(Z1 .GT. 1.51 GOTO 28 
WRITE(11,92) K,Z 

STOP 
50 CONTINUE 

tA=1.5 

90 FORMAT( " T I T L E  ! ' I /  "BOOSTER RANDOM SEXTUPOLES"1 
92 FORMATC 'I SEXTUPOLE, S 12.2, ' I ,  L=. 8 1, K2=", F 10.81 

END 
%%EOR 

T I T L E  ! 
1 BOOSTER, 
! 
! 
I 
I DIPOLES, QUADS AND CHROMRTIC SEXTUPOLES: 
! 
SBEND,END,L=2,4,ANGLE=.l745329 
! 
QUADRUFOLE,G!F,L=.5,Kl=-.554@34 
G!UADRUPOLE,QD,L=.25,K1=.590959 
! 
SEXTUPOLE,SF,L=.lO,K2=-5.60249 
SEXTUPOLE,SD,L=. 10,K2=5.10859 
! 
DR IFT,DR3;B, L=. 30 
DRIFT,DR29,L=.29 
DRIFT,DR59,L=.59 
DRIFT,DR99,L=.99 
DRIFTaDR40,L=.40 
DRIFT, DR370, L13.7 

. CALL,ll 

. 



. .  - - 0 
! LINES: 

i I NE, P 1 = ( QD, DR29 1 
L I NE, P2= (DR59, SF, DR30, QF, DR29) 
LINE,P3=(DR59,SD,DR30,2NlD,DR370,QF,DR29) 
LINE,P4=(DR59,SD,DR30,2*QD,DR29) 
LINE,P5=(DR99,8F,DR370,2XClD,DR29) 
LINE,P6=CDR99,OD) 

i 
! PERIODS AND MRCHINE 

i INE, SUPER (X1 , X2, X3, X4, X5, X6, X7, X8, X9, Xl0, X1 1 , X12) 

I 

: 
LINE, SLCR,B) =(A,BND,BI 

I 
@, 

(Pl,SLIXl,X2),P2,SL(X3,X4),P3,SL[X~,X6),P4,SL(X7,~),P5, @, 
SL (X9, X18) , P2, SL (X1 1 , X12) , P6) 

! 
! 
LINE, B O O S T E R ~ ~ S U P E R ~ S B 1 , S 0 2 , S 0 3 ~ S 0 4 , S 0 5 ~ S 0 6 , S 8 7 ~ S 0 8 ~ S 0 9 ~ S l 8 ~ S l l ~ S l 2 ~ ~  @, 

SUPER~S13,S14,SlS,Sl6,Sl7,SlS,S19,S20,S2l,S22,S23,S24~, & 
SUPER(S25,S26,S27,S28,S29,S30,S31,S3l,S32,S33,S34,S35,S36I, & 

SUPER(S37,S38,S39,S40,S4l,S42,S43,S44,S45,S46~S47,S48), & 
SUPER(S49,S50,S51,S52,S53,S54,S55,S55,S56,S57,S58,S59,S60), & 
SUPER[S61,S62,S63,S64,S65,S66,S67,S67,S68,S65,S7B,S7l,S72) 

! 
! 
! TRRCKING SECTION 
! 
USE. BOOSTER 
TRACK. PARTICLEaPROTON, ENERGY= 1.138 
STRRT, X= .025, 210, S=0, PX=8, PZ=E), D E 4  
STRRT, X=-.025, 2 4 ,  S=8, PX=O, PZ=O, D E 4  

! 
STRRT, x=o.ooo, z=o.a3. s=o, PX=O, PZ=O,DE=O 

! 
STRRT, X=0.025, Z=8.0, S-0, PX=8, PZc.8, DE=B.B8864 

START, X=8.00, 2-0.03, S=0, PX-0, PZ=EI, DE=@.BB864 
! 
STRRT. X=0.025, Z=@.O, S=0, PX=0, PZ=0, DE=-0.00864 

START, X=0.00, 2=8.03, S=0, PXz8, PZ=O, DE=-@.OB864 
RUN, TURNS=380, FPRINT=5, MODE=SYNCHRO 
ENDTRACK 
! 
PRRAMETER, SFL K 2  I=@. 0 
PARRMETER, SDC K 2  I=@. 8 
! 
! 
! 
TRACK,PARTICLE=PROTON,ENERGY=l.l38 
START, X= ,825, Z=0, S=8, PX=0, PZ-0, DE=@ 

SlART, X=0.000, 2=0.03, S=O, PX=B, PZ=O,DE=O 
! 
! 

START, x=-.ms, z=o.o, s=a, PX=O, PZ=B, D E = ~ . O E I F ~ ~ ~  

START, x=-.a25, z=~ .a ,  s=o, PX=O, PZ=O, D E = - ~ . ~ x I ~ ~  

' 

START, x=-.m5, z=a, s=o, rx=a, PZ=O, DE=O 

STRRT, x=o.o25, z=o.o, s=o, PX=Q, pz=a, DE=.00864 
STRRT, x=-.a25, z=o.o, s=a, PX=B, PZ=@, DE=.IXEK~ 7 STRRT, X=0.88, 2=0.03, S=@, PX=Q, PZ=0, DE=.00064 

-a'-- . - , . - . . . - 

I 

H 
I 
N 

I 



f ----- a .  - --c - .-. - * I  1 _- .-. nC -.-.--A 

~ I H I P I ,  n-w.wca, L - w . ~ ,  3 - w .  r n - w ,  r c - w ,  UC--.WWWQ-P 1 START, X=-.O25, Z=0.0, SI@, PX=El, PZ=13, DE=-.00064 
STRRT, X 4 . 0 0 ,  2 4 . 0 3 ,  S=O, P X 4 ,  PZ-0, DE=-. E18064 
RUN, TURNS=308, FPRINT=S, MODErSYNCHRO 

! ENDTRACK ; '  
1 Yap 

%%EOR 
1 XXEOF 

I 

I 

H 
I 
w 

I 



1 
C 
C 
C 

5 C 
C 

10 c 

15 

C 

C 
20 

50 

20 

.. . ,- . .  .. . A P P E N D ~ I  I - . . . .. . 

PROGRRM MRDINP (TRPE11,OUTPUT) 

THIS PROGRRM WRITES INTO TRPE 11 ERCH OF 72 SEXTUPOLE ELEMENT 
DEFINITIONS AFTER SEXT. STRENGTHS ARE CALCULRTED RS RANDOM 
NUMBERS WITH GRUSSIAN DISTRIBUTION (MEAN=@, SIGMA=8.53 

RERL G85DDF 
RERL Z 
WR I TE ( 1 1,901 

CRLL GB5CBF(@1 
DO SO K=1,72 

Z=GE15DDF(8.0,@.51 

I F  (RBS(Z1 .GT. 1.51 GOT0 2E1 
WRITE( 11,923 K,Z 
CONTINUE 
STOP 
FORMRTC "TITLE ! It/ "BOOSTER RFINDOM SEMUPOLES " 1 
FORMRTC (I SEXTUPOLE, SI' ,I2.2, ' I ,  L =  .13 1, K2= ' I ,  F 113.8) 
END 

CALL SEED SUBROUTINE 

CRLL RRNDOM NUMBER GENERATOR 

CHECK FOR THE RULE OF 3*SIGNR=1.5 

CALL, 11 

... RERDING LOGICRL UNIT  NUMBER 11 

TITLE ! 
BOOSTER RRNDOM SEXTUPOLES 
SEXTUPOLE,S~l,L=.~l,KZ!= .26815158 

I 

H 
H 
I 
t-L 
I 

. . .  . . - 



15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

5 TUPOLE, S82,L=. 8 1, K23 .646418@2 
SEXTUPOLE,SB3,L=.Ol,K2= .79801896 

@SEXTUPOLE,SO4, L= .O 1, K2=-. 0 1327741 
SFKTI lPnl F,  C;G15 - I = - A  1 - K2= - 75835 1 1 1 
SEXTUPOLE, S86, L= . 0 1 , K2=-. 2 155225 1 

. 10 SEXTUPOLE.SEl7,L=.Ol,K2=-.38512580 
SEXTUPOLE,S08,L=.Ol,K2= .11723182 
SEXTUPOLE,SBS,L=.@l,K2- .lo217494 
SEXTUPOLE,Sl@,L=.Ol,K2=-.7252584~ 
SEXTUPOLE,Sll,L=.@l,K2= .El2999574 
SEXTUPOLE,S12,L=.@l,K2= ,77338946 
SEXTUPOLE,S13,L=.81,K2=1.37537151 
SEXTUPOLE,S 14, L=. 9 1, E= .:E!: !4?6?? 
SEXTUPOLE.S15,L=.Ol,K2=-.29468836 
§EXTUPOLE,S 16, L=. B l , K2=-.97936 180 
SEXTUPOLE.S17,L=.@l,K2= .69791837 
SEXTUPOLE, S 18, L= . 0 1 a K2=-. 43058779 
SEXTUPOLE,Sl9,L=.Ell,K2= .28387384 
SEXTUPOLE,S20,L=.01,K2= .16482684 
SEXTUPRLE,S2l,L=.Ol,K2= .04465487 
SEXTUPOLE,S22,L=.Ol,K2=-.57972974 
SEXTUPOLE,S23,L=.Bl,K2= .53289603 
SEXTUPOLE,S24,L=.Bl,K2= .31352783 
SEXTUPOLE,S2S,L=.Ol,K2=-.16475909 
SEXTUPOLE,S26,L=.Bl,K2=1.08157838 
SEXTUPOLE,S27,L=.@l,K2= .19849634 
SEXTUPOLE,S28,L=.Ol,K2= ,20850194 
SEXTUPOLE,S29,L=.Ol,K2= .24068340 
SEXTUPOLE,S3B,L=.OlsK2= .1384111.4 
SEXTUPOLE.S31,L=.Ol,K2= .17414591 
SEXTUPOLE,S32,L=.Ol,K2= .76470717 
SEXTUPOLE,S33,L=.@l,K2= .17242488 
SEXTUPOLE,S34,L=.8l,K2=-.47699144 
SEXTUPOLE8S35,L=.01,K2= .01524153 
SEXTUPOLE8S36,L=.01,K2= ,79970381 
SEXTUPOLE,S37,L=.Ol,K2=-.62777513 
SEXTUPOLE,S38,L=.Ol,K2=-.61049466 
SEXTUPOLE,S39,L=.Ol,K2= .a9185146 
SEXTUPOLE,S40,L=.@l,K2=-.77409697 
SEXTUPOLE, S41, L=. 8 1, K2= .25334724 
SEXTUPDLE,S42,L=.Ol,K2= .17851318 
SEXTUPOLE,S43,L=.Dl,K2= .El6885764 
SEXTUPOLE,S44,L=.Ol,K2=-.773@4951 
SEXTUPOLE,S45,L=.8l,K2=-.04736759 
SEXTUPOLE,S46,L=.Ol,K2=-.66891@14 
SEXTUPOLE,S47,L=.01,K2=-.07114592 
SEXTUPOLE,S48,L=.OI,K2=-.45242919 
SEXTUPOLE,S49,L=.Ol,K2=-.18299022 
SEXTUPOLE,S50,L=.Ol,K2= .69621176 
SEXTUPOLE,S51,L=.0l8K2= .23569769 
SEXTUPOLE,S52,L=.Ol,K2~-.2832@422 
SEXTUPOLE,S53,L=.Bl,K2= .46958441 
SEXTUPOLE,S54,L=.01,K2=-.867685@1 
SEXTUPOLE,S55,L=.OI,K2= .54248583 
SEXTUPOLE,S56,L=.Ol,K2=-.47645909 
SEXTUPOLE,S57,L=.@l,K2=-.27468882 
SEXTUPOLE,S50,L=.Ol,K2=1.32968569 
SEXTUPOLE,S59,L=.Ell,K2= .e3429897 
SEXTUPOLE,S60,L=.01,K2=-.2269669Ei 
SEXTUPOLE,S61,L=.Ol,K2=-.58914480 

I 
H 
H 

I 
to 

I 



SEXTUPOLE,S63,L=.Ol,K2=-.14399051 
SEXTUPOLE,S64,L=.Bl,K2= .El7698321 
SEXTUPOLE,S65,L=.81,K2=-.71879778 
~ F K T n p n l ~ _ ~ ~ ~ _ l = - ~ ! _ ~ ~ = - - ~ q ? ~ ~ ~ ~ ~  

70 SEXTUPOLE.S67.L=.Ol.K2=-.5O851717 

e 
SEXTUPOLE;S68; L=. 0 1 ; K2=-. 359 15669 
SEXTUPOLE,S69,L=.Ol,K2= .39290994 
SEXTUPOLE,S7B,L=.81,K2=-.35093736 
SEXTUPOLE,S71,L=.Ol,K2= ,32627242 

75 SEXTUPOLE,S72,L=.Ol,K2= .37872534 

... RERDING STANDARD INPUT F I L E  

80 

85 

90 

95 

100 

105 

110 

115 

120 

T ITLE I 

! 
! 
! 
! DIPOLES, QUADS RND CHROMQTIC SEXTUPOLES: 
! 
SBEND,BND8L=2.4,ANGLE=.1745329 

hJADRUPOLE,QF,L=.5,Kl=-.554034 
QUADRUPOLE,QD,L=.25,K1=.590959 
! 
SEXTUPOLE,SF,L=.l@,K2=-5.60249 
SEXTUPOLE,SD,L=.lB,K2=5.18859 
I 
DRIFT,DR38,L=.30 
DRIFT,DR29,L=.29 
DRIFT,DRS9,L=.59 
DRIFT, DR99, L=. 99 
DRIFT,DR4O,L=.40 
DR IFT, DR378, L=3.7 
! 
! LINES: 
I '  

i INE, P 1 = (QD, DR29) 
LINE,P2=(DR59,SF,DR30,QF,DR29) 
LINE,P3=(DR59,SD,DR30,2WD,DR370eQF,DR291 
LINE,P4=(DR59,SD,DR3@,2*QD,DR29) 1. 
LINE,P5=(DR99,QF,DR37O,2N!D,RR291 

! 
LINE, SL(A,B)=(A,BND,B) 
! 

* BOOSTER. 

I 

LINE,PG=(DR99,G!D) I 

e I .  

I PERIODS AND MRCHINE 
! 
L I NE, SUPER ( X 1 ,  X2, X3, X4, XS , X6, X7, X8, X9, X 18, X 1 1, X 12 1 = i3 

(P 1 e SL (X1, X21, P2, SL (X3, X41, P3, SL (X5, X6) , P4, 5LIX7, X81, P5, & 

! 
! 
LINE, BOOSTER=(SUPER(SBl,S~2,S~3,S04,S05,S@6,S@7,S~8,S09,SlO,Sll,Sl2~, & 

SUPER(S37,S38,S39,S4O,S41,S4l,S42,S43,S44,S4S,S46,S47,S481, 8 
SUPERIS49,S50,S51,S52,S53,SS4,S55,S56~S57,S5~,S59,S60~, & 
SUPER(S61,S62,S63,S64,S65,S66,S67,S68,S69,S7@,S7l,S72) 1 

SL (X9, X10), P2, SL (X1  1 , X121, P6). 

SUPER~S13,S14,S15,S16,Sl7,Sl8,S2B,S2~,S2l,S22,S23,S241, & 
SUPER(S25,S26,S27,S28,S29,S30,531,532,533,534,S35,S36), & 

, . . . . .  .. . ,  .. .... , . . ; ,  , .I . _ . I  , . .. ,I :.. . . .  ., . 



. :. . , .. . . . ,_. . , .. . . . . .  . .  .. 
. _ . .  . . .  . . < .  . . 

. i .  
. -  . . .  . *  . I . .  . ...,... , , . .  .. - . 

I 
I 

! TRACKING SECTION 

USE, BOOSTER 

125 ! %%EOR 

I 

... BERM LINE "BOO5TER" EXPANbED: 312 ELEMENT5, 482 POSITIONS ... END OF "USE" COMMAND, ELAPSED CPU TIME = 2.413 SECONDS 

TRACK,PARTICLE=PROTON,ENERGYE1.138 

... ENTER TRACKING MODULE, ELAPSED CPU TIME = 2.531 SECONDS 

130 START, X= .025, Z-0, S=0, PX-0, PZ-0, DE=@ 
START, X=-.025, Z=0, S=0, P X 4 ,  P 2 4 ,  DE=@ 
ST3lrT, ;*;W.BEjB, EY3.05, SXG, FXW, PE*B,DEW 

I 
! 

135 START, X=0. 025, 2-0.0, S-0, P X 4 ,  PZ-0, DE=Q.Q0E364 
START, X=-.025, 2=0.0, S-0, P X 4 ,  PZ-0, DE=@.EI@R64 
START, X=0.00, 2=8.03, 5-0, PX-0, PZ-0, DE-0.08064 
! 
START, x=0.a25, 2-0.0, s=o, PX-B, PZ-0, D E = - O . Q O O ~ ~  

140 START, X=-.025, Z-0 .8 ,  543, P X 4 ,  P Z 4 ,  DE=-0.08864 
STRRT, x=o.m, z=o.m, s=o, PX-B, PZ-0, DE=-0.00064 
RUN, TURNS=3BQ, FPRINT=5, MODE=SYNCHRO 

. .  *. ; 

I 
H 
H 
I 
F- 

I 



INITIAL PRRTICLE POSITIONS 
NORMRL IZED TO EX = 1.00000080E+00 ES = 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

PART I CLE 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

6.48000000E-04 
.08000080E+00 . ooaooom 

.00000000E+00 . aoaooooo 

. i zmmm~a~+aa  -.e1291623 

.00B00008E+00 .00820490 

.0000BBB@E+00 . 0 129 1623 
6.40000880E-04 

-6.48000000E-04 

.00080008E+08 .00000808 

. ~ a a m x m ~ + m  .000000(38 

.00000008E+80 .00820490 

-6.4aaa0~i0a~-a4 

-6.40000008E-04 

POSITIONS RT It* E" DURING TURN 
0 P QN 

X -1.86852585E-02 -4.03457691E-83 -.OB965372 
Z .00000800E+00 .0000000QE+00 . 00000000 

2 .00000000E+80 .00000000E+00 .00000000 
S 3.07763013E-83 .0008000OE+00 

Z 2.99438545E-02 -2.52046378E-05 .BO8 18954 
S 4.25440833E-04 .00008000E+00 
X -1.77652269E-02 -4.04959454E-03 .-.El0917839 
z .amaommE+~B .aoa8cmoaE+aa .08000000 
S -3.26525212E-02 6.40000000E-04 

s - 3 . 3 4 9 ~ i i 8 a 7 ~ - ~ 3  .0maammE+m 
X 2.13423492E-02 3.66770164E-03 . w a 2 6 5 i  

x -~.~EEGBQE-EI~ 2.72930532~-a4 -.ooai3474 

X 2.24115729E-02 3.62974731E-03 . a i  157892 
Z .0008QBBBE+00 .00000B00E+00 . m a m m a  
S -2.60942268E-02 6.40008000E-04 
X 4.45412351E-84 3.53062243E-04 . O8O23Q 12 
Z 2.98139777E-82 -2.73736858E-05 .BO8 15402 
S -2.90247935E-82 
X -1.96290376E-02 
2 .00008000E+00 
s 2.58445178~-a2 
x 2.a3121497~-~2 
Z .80800000E+00 
S 3.21514759E-02 

-.01014132 
.08000000 

. 0 1049425 . 00000008 

5 
PN 
-.oa788543 

.0000000L3 

.OB7 186 17 

.00000000 

. O01O5272 1 -.: Zlm9216 

.OB7 1 1708 . oooommo 
,880685 19 

-.QQ010009 

-.00783686 
.00000000 

,00722425 . 00000000 

. 0ee00000 . 00006732 
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