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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 = (L]., L2, v 08y Lﬂ), i
then the whole machine is given by

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. Thus, we have 72 end-sextupoles
(with random strengths) in the full lattice. A description of the
machine may then be separated into two parts: (1) a description of the
72 sextupoles and (2) a description of the rest of the machine.



Appendix I gives an example of a CDC program whch produces this
two—-part description. The first part, a (Fortran) program MADINP,
generates the set of 72 sextupole definitions which are written in
MAD-input format on the output file "Tapell”. The strengths for the 72
sextupoles can be evaluated by any desired Fortran program, e.g., a
randomly distributed Gaussian, etc. In the second part, the regular
MAD input sequence contains the description of the remainder of the
machine together with the MAD instruction.

CALL, 11 brings in the previously defined sextupole descriptions
from the file "Tapell”. The program then operates on a lattice whose
complete description is provided by both parts.

An illustration of output for this combined Fortran—-MAD descrip-
tion is given in Appendix TII.



NAME,.STMFZ.T176,.P1. depiokiololcioiok APPENDIX 1 siokisiokiekioiok
RCCOUNT,NAME., Acc#, Acot.
REQUEST. TAPE11.%PF.
CATTACH(NAGL . MAGSCLIB1)
ATTACH (NAG2 . NAGSCLIB2)
ATTACH,. BNLX.
LIBRARY(NAG1,NAG2.BNLX)
FTN(ROUND,OPT=2)

MAP COFF)

" LED.

ATTACH,MADTRK, ID=EHA.
ATTACH,.LIB1,.MADLIB. ID=EHA.

LIBRARY.LIB1.
MADTRK.
#XEOR
" PROGRAM MADINP (TAPE11.0UTPUT
v
C THIS PROGRAM WRITES INTO TAPE 11 EACH OF 72 SEXTUPOLE ELEMENT
C DEFINITIONS AFTER SEXT. STRENGTHS ARE CALCULATED AS RANDOM
E NUMBERS WITH GAUSSIAN DISTRIBUTION (MEAN=8. SIGMA=08.3)
REAL GBSDDF
REAL Z
WRITE(11.88)
c CALL SEED SUBROUTINE
CALL GOSCBF (@)
DO 58 K=1,72
c CALL RANDOM MUMBER GENERATOR
28 Z=GA5DDF(0.8.0.5)
C CHECK FOR THE RULE OF 3%5IGMA=1.5
IF (ABS(Z) .GT. 1.5) GOTO 26
WRITE(11,92) K.Z
56 CONTINUE
STOP
98 FORMAT("TITLE!"~ "BOOSTER RANDOM SEXTUPOLES™)
92 ES%MHT(" SEXTUPOLE.S".12.2,",.L=.01,.K2=",F10.8)
#XEOR
cALL.11
TITLE!
* BOOSTER.

DIPOLES, GUADS AND CHROMATIC SEXTUPOLES:
?BEND,BND,L=2.4.QNGLE=.1?45329

QUADRUPOLE.QF,L=.5,K1=-,554034
?UQDRUPDLE.QD,L=.25.Kl=.59@959

SEXTUPOLE,SF,L=.18,K2=~5.60249
?EXTUPDLE,SD,L=.IB,K2=5.18859

DRIFT,DR38.L=.38
DRIFT.DR2S,.L=.29
DRIFT,DR5S,L=.59
DRIFT.DRSS,.L=.99
DRIFT.DR4B.L=.48
DRIFT,.DR370,L=3.7

- T=T .



P : LINES:

LINE.P1=(0QD,DR29)

L. INE,P2=(DR59,SF,DR30,4F ,DR29)

L INE.P3=(DR59.5D,DR38, 20D, DR37A, OF , DR29)
LINE,P4=(DR59,SD,DR38, 2*QD .DR29)
LINE,P5=(DR99,0F ,DR378, 2QD . DR23)
HINE,P6=(DR99,BD)

_%INE, SL(A.BY =(A,BND,B)
! PERIODS AND MACHINE

LINE, SUPER(X1,X2,%3.%4,X5,%6,X7,%8,%X9,%10,X11,%X12) = &

(P1,5L(X1,%2) . P2,5L(X3,%4),P3,5L(X5,X6) .P4,8L (X7, X8), P53, &

l SL(X9,.X18) ,P2,5L(X11,.X12),P6)

1
LINE, BOOSTER=(SUPER(S@1,502,503,504,585,506,507,508,589.510,511,5812). &
SUPER(S13,514,515,516.517.,518,519,520,521,522,523,524) , &
SUPER (525,526,527 .528,529,530,531,532,533,534,535,536), &
SUPER(S37,538.539.540.541,542,543,544,545,546,547,548) . &
SUPER(549,558,551,552,553.554,555, 556,857 .558,553,568) ., &

SUPER(561,562.563.564,565,566,567,568,869,5708.571,572)
!
!
! TRACKING SECTION

|
UJSE,BOOSTER
TRACK, PARTICLE=PROTON, ENERGY=1.138

STRART, X= .025, Z=0, $=8, PX=0. PZ=08, DE=0@
START, X=-.825, Z=8, S=8, PX=8., PZ=0, DE=0
?TQRT, X=0.008, Z=8.03, S=0, Px=0, PZ=0.DE=8
! .
.825, Z=8.

START,. X=0 =p.08, S=B, PX=8, PZ=0., DE=0.88064
START, X=-.025, 2=0.0, S=0, PX=0, PZ=B, DE=0.08064
?TQRT. X=0.00, Z-0.83, S=0, PX=8, PZ=0, DE=0.00064
START, X=B8.825. Z=0.8, S=8, PX=0, PZ=0, DE--08.80864
START, X=-.025, 2=0.8, S=8. PX=0, PZ=8, DE=-8.80864
START, X=0.P8, Z=0.83, S=0, PX=0, PZ=8, DE--0.00864
RUN, TURNS=38@. FPRINT=5, MODE=SYNCHRO

%NDTRQCK

PARAMETER, SFLK21=0.8

PARAMETER, SDLK21-0.0

!

!

!
" TRACK,PARTICLE=PROTON,ENERGY=1. 138

START. X= .@25, Z2=8, S$=0, PX=8. PZ=0, DE=0
START. X=-.025, Z2=8, 5=0, PX=8, PZ=8, DE=0
?TRRT, X=0.000. Z=8.083, S=0. PX=8, PZ=8.DE=0
!

START, X=0.825, Z=0.0, S=0, PX=0, PZ=0, DE=.08064
START, X=-~.025, Z2=8.8. S=8, PX=B, PZ=0, DE-.08864
START, X=0.88, Z=0.83, S=B, PX=8, PZ=8, DE=.000864

_Z_I;
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START, A=U.0LTr =00, 30 FA=Os FL-Os DC-—.0000%
START, X=-~.0825, Z2=8.8, $=08. PX=0, PZ=8. DE=-.08064
START. X=8.80, Z2=8.83, S=8,., PX=0,. PZ=8, DE=-.08864
RUN, TURNS=308, FPRINT=5, MODE=SYNCHR

ENDTRACK

!

?TUP

#2EOR

RREOQOF



SR, ____--...A Ee o T - APPEND‘II . - e e =

1 PROGRAM MADINP (TAPE11.0UTPUT)

THIS PROGRAM WRITES INTO TAPE 11 EACH OF 72 SEXTUPOLE ELEMENT
DEFINITIONS AFTER SEXT. STRENGTHS ARE CALCULATED AS RANDOM
NUMBERS WITH GAUSSIAN DISTRIBUTION (MEAN=8. SIGMA=0.5)

REAL GBSDDF
REAL 2
WRITEC11,98) _ )
CALL SEED SUBROUTINE T S
CALL GBSCBF (8) : . e
DO 5@ K=1,72 - :
c CALL RANDOM NUMBER GENERATOR
28 Z=G@5DDF(8.8,8.5)
15 C CHECK FOR THE RULE OF 3%SIGMA=1.5
IF (ABS(Z) .GT. 1.5) GOTO 28 ,
WRITE(11,92) K,Z o
S8 CONTINUE : ' ) ‘
STOP : ~
2@ 98 FORMATC'TITLE!"/ "BOOSTER RANDOM SEXTUPOLES")
92 FORMAT(" SEXTUPOLE.S®,12.2,".L=.81,K2=",F18.8)
END ~

coooon

—
=
[

CALL. 11
.. READING LOGICAL UNIT NUMBER 11
TITLE!

BOOSTER RANDOM SEXTUPOLES
SEXTUPOLE.SB1,L=.81.K2= .26815158

- T-II -
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38

35

4a

45

5a

55

68
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SEXTUPOLE,.SB3.L=.01,K2= .75001896
SEXTUPOLE.SB4.1.=.01,K2=-.81327741
SGEXTIIPA F.GAS .| = A1.K2= . 75835111
SEXTUPOLE.SB6.L=.01,K2=~,21552251
SEXTUPQOLE.SB7,.L=.01,K2=~,38512580
SEXTUPOLE.SB8.L=.81,K2= .11723182
SEXTUPOLE.SB9.L=.81,K2= ,.18217494
SEXTUPOLE.S18,.L=.081,K2=-,72525848
SEXTUPOLE.S11.L=.81,K2= .B2999574
SEXTUPOLE.S12,L=.81.K2= ,77338346
SEXTUPOLE.S13.L=.81,.K2=1.3753715]

KTUPOLE,S14,1= 01 ,K2= 203214707

[
SI—“\IU! Vb s J i Ta T a W 3 a0k

SEXTUPOLE,.S15,.L=.081,K2=~,25468836
SEXTUPOLE.S16,.L=.81.K2=-.879361808
SEXTUPOLE,.S17,L=.81.K2= .69791837
SEXTUPOLE,.S18,L=.81,K2=-,43058779
SEXTUPOLE.S18,.L=.81.K2= .28387384
SEXTUPOLE.S20,.L=.81.K2= .16482684
SEXTUPOLE.S21.L=.81,K2= ,04455487
SEXTUPOLE,S22.1=.81,K2=-,57972974
SEXTUPOLE,S523,.L=.81,K2= ,53289603
SEXTUPOLE.S24,L=.01.K2= .31352783
SEXTUPOLE,S25.L=.01,K2=-, 16475903
SEXTUPOLE,S26.L=.01,K2=1.88157838
SEXTUPOLE.S27.L=.01,K2= ,19849634
SEXTUPOLE.S28,L=.81.K2= ,20850194
SEXTUPOLE.S29,.L=.81,K2= .24068348
SEXTUPDLE.S30.L=.81.K2= ,13841114
SEXTUPOLE,S31,L=.81,K2= ,1741453]
SEXTUPOLE,S32.L=.81,K2= ,76478717
SEXTUPOLE.S33,L=.681.K2= .17242488
SEXTUPOLE,S34.L=.81,K2=-.47699144
SEXTUPOLE.S35.L=.81.K2= .81524153

SEXTUPOLE.S36,1L=.081,K2= .7937@381

SEXTUPOLE,S37,L=.81,K2=-.62777513
SEXTUPOLE,S38,L=.81,K2=-,61849466
SEXTUPOLE,S39,L=.81,K2= .09185146
SEXTUPOLE,S48,L=.81,K2=-. 77489697
SEXTUPOLE,S41,L=.81,K2= ,25334724
SEXTUPOLE,S42,L=.01,K2= ,17851318
SEXTUPOLE,S43,L=.01,K2= .B6885764
SEXTUPOLE,S44,L=.81,K2=-.77984951
SEXTUPOLE,S45,L=.81,K2=~,084736759
SEXTUPOLE,S46,L=.081,K2=~.66891014
SEXTUPOLE,S47,L=.01,K2=~.87114592
SEXTUPOLE,S48,L=.81,K2=-.45242919
SEXTUPOLE,S49,L=.81,K2=-, 18299022
SEXTUPOLE,S50,L=.01,K2= .69621176
SEXTUPOLE,S51,L=.081,K2= ,23569769
SEXTUPOLE,S52,L=.81,K2=~,283208422
SEXTUPOLE,S53,L=.081,.K2= .46958441
SEXTUPOLE,S54,L=.01,K2=-.86768581
SEXTUPDLE,S55,L=.081.K2= 54248583
SEXTUPOLE,S56,L=.81,.K2=~, 47645909
SEXTUPOLE,SS7,L=.81.K2=~, 27468882
SEXTUPOLE,S58,L=.81,K2=1,32968569
SEXTUPOLE,S59,L=.81,K2= .B3429897
SEXTUPOLE,S60,L=.81,K2=-.22636696

SEXTUPOLE.S61,L=.81,K2=-.58914488

- Z-I1 -
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73

80

85

9B

95

188

185

118

115

126
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SEXTUPOLE,S64,L=.81,K2= .07698321 Qo | - (]
SEXTUPOLE. S65,L=.81,K2=-.71879778 | . . A -
SEXTIPNILE GEE | = A1 _K2=- 59750012

SEXTUPOLE.S67.L=.81,K2=-.50851717
SEXTUPULE,SSB,L=.BI,K2=—.35915669
SEXTUPOLE,.S569,.L=.81,K2= ,33290994
SEXTUPOLE.S7@.L=.81,K2=-.35893736
SEXTUPOLE.S71.L=.81,.K2= .32627242
SEXTUPOLE.S72.L=.81,.K2= .378r2534

. READING STANDARD INPUT FILE

TITLE!
* BOOSTER.

!
|
|
. DIPOLES. OUADS AND CHROMATIC SEXTUPOLES:
!

SBEND,BND,L=2.4,ANGLE=. 1745329

|

QUADRUPOLE, OF ,L=.5,K1=-.554a34
QUADRUPOLE, QD.L=.25,K1=.598959
|
SEXTUPOLE, SF,L=. 10,K2=-5.60249
?EXTUPULE.SD.L=.16,K2=5.18859
DRIFT.DR38,L=.30
DRIFT.DR29.L=.29
DRIFT.DRS9.L=.59
DRIFT,DR93.L=.99
DRIFT,.DR48,L=.48 E :
DRIFT,DR370,L=3.7 .

! o

BN LINES:

LINE.P1=(QD,DR29)

L INE.P2=(DR59, SF. DR38, OF . DR29)

LINE,P3=(DR53,SD, DR38, 2*1D, DR378, OF , DR29)

LINE,P4=(DR59,SD, DR3@, 2D, DR29) |

LINE, PS=(DR9S, OF , DR378, 244D, DR29)

L INE, P6=(DR39. an)

LINE, SL(A.B=(A.BND.B)
1

% PERIODS AND MACHINE '

LINE, SUPER(X1,X2,XZ,X4,X5,%6,X7.%3,%9,X18,%X11,X12) = & o : .
(P1,5L(X1,X2),P2,5L (X3,%4) . P3.5L (X5, X6) , P4, SL(X7,X8),P5, & o !
SL (X9, X18) ,P2,5L(X11,%X12) .P6) ’

- ¢-II ~

!

[} .

LIME. BOOSTER=(SUPER(581,502,583,504,5085,586,587,508,589,518,511,512), &
SUPER(S513,514,515,516,.517.518,519,.528,521,522.523.524) . &
SUPER(S825,526,527,.528,529,530,531,532,533,534,535.536), &
SUPER(537.,538,539.546,541,542,543,544,545,546,547,548), &
SUPER(549,558,551.552.553,554,555.556.557.558.559.568), &
SUPER(S61,562.563,564,565,.566,567,568,569,570,571,572) )



.;

125 1 %2%EOR
! TRACK ING SECTION
USE, BOOSTER
.. BEAM LINE "BOOSTER" EXPANDED: 312 ELEMENTS.

. END OF "USE" COMMAND, ELAPSED CPU TIME =

.. ENTER TRACKING MODULE, ELAPSED CPU TIME =

2.413 SECONDS
TRACK,PARTICLE=PROTON, ENERGY=1.138

2.531 SECONDS

138 START, X= .025, Z2=0, 5=0, PX=8, PZ=B, DE=8
START. X=—-.825, 2=8, S=8, PX=0, PZ=0, DE=@

;‘?THRT, w=Y,800, I=*G.03, 5*0, Frx0, FI=0,.DE=0
!
135 START. Xx=0.825, Z=08.8, 5=8, PX=0. PZ=0, DE=0.60064
START, X=-.825, Z2=0.0, S5=8, PX=0, PZ=8, DE=0.88064
START., ¥=0.08, 2-0.83, S=8, PX=6, PZ=8, DE-=0.08864
!
START, X=0.825. 2=0.8, 5=8, PX=0, PZ=0, DE=-0.00064
148 START,. X=-.B25, 2=8.8, S=8. PX=8, PZ=0, DE=-0.88064
START, x=0.08, Z2=8.83., S=8. PX=0, PZ=0, DE=-0.00064
RUM. TURNS=308, FPRINT=53. MODE=SYNCHRO

- %-1T -



BOOSTER. .

"MAD" VERSION: 2.82-

INITIAL PARTICLE POSITIONS

NORMALIZED TO EX =
NUMBER

1

NUMBER

1

U)NXU)NXLDNXU?NXU’)NXU’JNXU)NXU?NX@NX

X

N UNXKXUOMNXONXOMNXONXONXXUN

1
™

8]
2.

SARDBBBNE-B2

. IADBABOABE+B0
.ABDBOBOBE+DB

.50080000E-B2

.B0BHBOBBE+AD
.0BB8RDBBE+AR
.BABOBBORE+A0

(£

.BB0E0BANE-B2

.0BABHOBBE+-BG

M

.50B8BOBRE-B2

.660066000E+B0
.00BBRBOBE+DR

1
™

. SANANOBBE~-B2

.000PBOBAE+A0
.00BN0ARBE+DE
.600ROBEBE+RO

3]

.000BARABE-B2

.000BBARBE+B0

3%

.5000BBBBE-G2

.0B86B0BNBE+DD
. A0B0ARADE+DR

1
P

.586080PAE-D2

.000DENBBE+DN
.DABOEBHBE+BA
.B0BOPBABE+EA

48]

.0B0BARBRE~A2

.BBABORBBE+DB
PARTICLE PUSIgIUNS AT "

~1.

86852505E-02

. ABBBOORBE+DA

-3.
2.

34901887E~-B3
13423492E~-82

.ABBOBROBE+60

3.
~-2.
2.
4.
~1

B7763013E-03
6879284BE~B84
99438545E-b2
25448833E-04

.77652269E-82

.6000BAPBE+BA

-3.
2.

26525212E-02
24115729E-62

.00B000BRE+E0

-2.
4.
2.

-2.

-1

6B942268E~02
45412351E-84
98139777E-82
90247 935E~B2

.96290376E-62

.0B88000NBE+B0

2.
2.

58445178E-82
83121497E-02

Mslalulatalatals) s guly)

3.

21514755E-82

1.06008080BE+B0

P

6

6

B

-6

-6

-6

Ell
P
-4

3
2
-2
-4

G
3

6
3
-2
6
~4

-6
3

-6

EZ = IQBBBBEBBBE+BBP ES =
Q

.ADRABBAVE+BE .01281623 .06 18203
.00HBBEBRE+DO oylalulalatalaly] Nalatalalalalals]
. HBBBOBEBE+E6

Mulalala)alalala)eysla) -.81291623 -.08010289
.00BABONBE+BD .BB8BBBOD Myiulajajalatal )
Malalalulalalala] e yLla]

.0B9BOBOBE+ED .00BbOBEA .B00NBERG
Mulalala)alatalaizggly) .0AB264908 M la}alalalaala]
. B000ROYBE+B0

. BOBBPPENE+BH .B1291623 .0BB18209
. 600AEEROE+BD M alajalalalalala] .00800006
. 4860080BOPE-84

.0NBOPABBE+BA -.01291623 ~.B68010289
.660B60ANE+AD 5 }ajalaialala]a) .660606000
. 400BOBBBE~-B4

. 0606BPBEE+DA M alalala)alalals] . 06000000
. 6PONBBABE+BO .BB828450 Malalatatalafaia)
. 4000BODRE-D4

.BOBBOBROE+AD .01291623 .80010289
. D0BABRBE+B0 .00PBBBEY .00BBRBAA
.40060000E-B4 ’
.B0BBRONRE+BA ~.01291623 -.688616289
. 80B888BDBE+00 .00B8nora N alalalalalatald)
. 4000PBABE-B4

Mulalals]alalalai g} .00B06BE6 .BOBBADNA
. 6668BBANE+EY . 00820490 .0BBBbEBG
. 460000NPE~B4

DURING TURN S
: N PN

.B83457691E~-B3 -.B8365372 -.008788343
. 00809NBRE+BA Malatalalajalalal .00BBE66A
.B00NDERGE+BA

.66778164E-03 .B1182651 .0a7 18617
. B0BBBBBRE+BA N 7la)al5}a)al4]s] Malalalalalala]s]
.BBBBOBRBE+AD

.72930532E-84 -.B88813474 00852721
. 3204637BE-B5 .006818354 ~.. 28089216
.00000ABEE+BR

.04959454E-B3 .~.B0917833 ~.Bev91lar4
Mpalalalalalalalal=eysis) .b5080800 Mya]atalalaia)ala]
. 408B8BBOE-B4

629747 31E-B3 .B1157892 .00711788
Mpalaisistalalalal oyt N 515]5]5)5]5]514] W ilalalalulalals]
. 406000AGE-B4

.53062243E-04 .BpB23012 .B60G68519
. 737 36858E-85 .B0815402 -.000168009
.400688000E-04

.80749193E-83 -.81814132 -.BAr83686
Wyalalalalalalall R gula) N ulalalalalatals] M ulufalalalalal
.4880B000E-B4

.68954748E~B3 .81049425 .B0722425
. BOBOPOPBE+BR alalalalatalala} Walalalalajalata}

.4808000BE-B4

1.8@3@@8@@E+B@

.00a16684
Nalalaiajalalal

.B0D 16684
Nalalalatalalald

. 60600600
- BBBB6732

.08016684
- 3AA0PR0Y
.00016684
-0BEAEER

.0PPEAARY
.0PABE732

.bop 16684
Nalalalalalatal

.00016684
| ADNPAREY

.BB0660068
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