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-TRANSPBRT- 

SET SlZE f3F R 
MATRICES TB SIX 
F8R FIRST BRDER 
(RWT T8 42 IF 
TYPE17 ENCWNTERED) 

CALLS BKKIN, SETS 
Up TIE ARRAY F0R 
VARY CBDES AND 
CALLS BUTFIT 

FITTING NEEDED? 

J I CALCULATE R 
MATRICES AND 
PRBXJCT BF R's I 

CCBFUXTIBNS 

FPLY CBRRECTIBNS 

F-l 



-SUBRBUl5NE BISKIN(l)- 

SWI FLAGTB 
IIIDICATE 
ENTRYPBIlw 

ENTRY TRANIN(DATA, VARY, KABLE, NSTART, lprsr@P, NWBKO, IR) 

6 200 

ENTRY BKK.IN (DATA, NSTART, NsTeP, mm, m) * 

0 200 

SET CARD INDEX 

I INCREMENT 
CARDINDEX I 

F-2 



EXAMINXCHARACTER 
IN ceLukm Iw 

SET FLeATING 
PfXNTFLAG 

-SUBRBUTINE BKKIN 

FLAGS TB 0 

w 

SEX'CHARACTER 
cew TB 0 

. I 

IS THIS 
CHARACTER A 

SEMICBLBN? 
I 

IS THIS 
CHARACTERA YES 

-0 
18 

BLANK? 

N8 
-0 

15 

F-3 



-SUBRBUI'INE BKKIN (3)- 

CHARACTER IS PART 
eF NUMEZIC FIELD 

0 28 

CHARACTER IN 
FIELD, SELF NL0W 

N8 -0 5 

CALCULATE 
BINARY VALUE 

8F IUTEGER 
I 1 

STBRE VALUE 
IN DATA(NWeRD) 

-0 99 

NQ 
-0 

1 
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FLBATING PBINT 
NUMBER 

DATA 

TYPE CBDE 

-SUBReUTINEi BKKIN (4)- 

YES-@  

BINARY VALUE 
8F FL@ATING 

I STBRE VALUE 
IN DATA(NWeRD) I 

1 
I NFL CO J 

,&, 
I eFTYPEAN0 

SEPARATE em I 

F-5 



-sUBRtXXCNE BKKJX (5b 

NBN-NUMERIC 
FllZO 

STRING ENCL@SED 
IN QU6TES. ST6RE 
IN DATA ARRAY 

CHECK T6 SEE IF 
STRING WAS TYPE 
15 ID 8R LABEL 

15 

8 
NFL c-0 

IFLAG c-0 

PACKCHARACTERS 
INTB DATA ARRAY 

. 
FABLE 
+DATA(NWBRD) 

F-6 



-SUBR@TJTINEBKKIN(6)- 

CHEEK FBR 
RELIVED wems 

7 

F-7 



-SUBR'%JTINE BKKPAK- 

NCT +YUMBER 
eF m wems 
T8BEFILLJZD 

I 
NRt-NOMBER 

eFCHARAms 
IlEFcp BVER 

c -0 
NCT = 0 YES XL 

PACK STRING 
l3T.B NCT 
wems - 

4 CHARACTERS 
PEIRWeRD . J 

CHARACTERS 

F-8 



-SUBRBuTINE BJSKFX (l)- 

NUMBER 

FIRSTCHARAC!~ 

8 -0 3 

LeeK up 
CHARACTER IN 
EBDIC TABLE. 
USA ceRREsPemmG 
DIGIT TB FBRM 

M t-10 

I ITEMP cTABFX(JT)xM 
+ITEMp 

6 2 

F-9 



-SUBRMJTINE BKKFX (2)- 

THAT WAS NtTCA 
1 ItEE& 1 

F-10 



-SUBRBUTINE B=(l)- 

TEMPcO 
SIGN ++ 1 

SIGN f- 1-l = 1. 

0 22 . a 
SCAN NUMBER 

F8R EXPBNENT 

N8EXXXENT FBUND 

F-11 



-SUBR6UT,INE BKKFG (2)- 

LETTEREFBUND, 
BUT N8 SIGN 

HIGHEST CBLUMN 
8F FRACTI6N 

FIRST CBLUMN 
BFEXP6NENT 

PLUS SIGN 

FIRST CBLUMN 
8FEXPBNENT 

MINUS SIGN 

1 NSIGN c-1 1 

I NHIGH c- 
NEFLAG-1 1 

NwK+ 
NElZAG+l 

lNwKd+1I 

1 NO I 
WAS LETTER E , .NHIGH 

l PRESENT? +1-l 

NwK+I+l 

NHIGH 
c-I-1 

F-12 



-SUBR9UTINE BKKF'L (3>- 

EXPBNENT T8 
BE EVALUATED 

EVALUATE 
FRACTIBN 
IN CBLUMNS 
NL@W T8 
NHIGE 

‘1 

1 STBRE IN IWK 
DIGITS AND . I 

IWKtiIGN 
EXXc10 

8F IF N8 DECJMAL PBINT 3 
DECIMAL PBI'NT - BRMBRE THAN WE 

EVALUATE 
FFuXTI8N 

AND STBRE IN 
TEMP 

I 
TEBfPt-TEMP 
x SIGN x EXX 

F-13 
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- SUBR6UTINE SCANT-- 

TYPE CWE. 
SEPARATE TYPE CBDE 
FRBMVARY C@DES F8R DECIMAL 

I ST6RE 
CBLUMN IN 
NHIGH, II I 

CLEAR I VARY ARRAY 

BKXFLJ 
EVALUATE I 

I BINARY VALUE 
8F TYPE CWE 

AND STBRE IN TEMP I 

4 
BREAKUP 

VARY C6DES 
AND STBRE 

IN VARY ARRAY 

F-l.4 



-SXJBRBUTINE FITTIN (l)- 

REHIANDPRINT- 
. 

IR c-0 
TITLE CARD I KOK CO 

I . 

INDICATBR CARD 

= 0 NEwPRBBLEM 

INITIALIZE 

1 I+1 
I I 

INTIALQIE 
IR, ILAB 
LABEL 

I b 

FZADIN 
DATA F8R 8NE 

ELEMFpT 
I 

DATA READ 

I 

7 

F-15 

T - 



-SUBROUTINE FITTIN (2). 

I STORE VARY 
CODES IN 

VSTOR ARRAY 

F-16 



-SUBROUTINE FI'IYIN (3b 

FEWER WORDS READ IN 

CHECK VARY CCDES FOR 
THIS ELiEMENT AND SET UP 
TIE ARRAY 

FILL IN 
WITH ZEROS 
FILLIN 
UNITS 

I 
ERROR 1 

PR1lvr0ur 

n 41 

7 T * 

F-17 



-SUBROUTINE FITTIN (4). 

INCI INDEX OF 
F.W.A. OF ELEMENTS 
IN DATA ARRAY 

RETURN TO PROCESS 
ANCrrHERELEMENT 

CHECKBINDARRAY 

SET BIND 
ARRAY ..e- 1 I 

N+Nl+-N+l 

HASSENTINEL 
BEENENCOUNTERED? O- 0 499 

SET Nl TO ZERO SO NO 
FITTING WILL OCCUR 
FIRST TlME THROUGH 

NNSVE +Nl 
NlcN+0 

I 

F-18 



-SUBROUTINE FITTIN (5). 

OUTFITCALLSEliEMENTS 
WHICH CALCULATES THE 
RMATRICES FORTHE 
ELEMFXCS 

DATAP = 1 
READ INTBE CHANGES IN 
THE DATA ARRAY FROM THE 
PRECEDING PROBLEM 

7 

SYSTEM WITH 
INITIAL DATA 
ANDPRINT 

-- 

EyT)-YES -@ 

NUMEtER OF 
DATA WORDS IN 

1 DATA FOR 
AN ELEMEZVT 

_" -'--I 

0 6 

LABEL FOUND 
--@ 

F-19 



-SUBROUTINE FITTIN (6)- 

MATCHING 
LABEL 
FOUND 

FOR ELEMENT 

GO TO 3 TO 
REPROCESS DATA 
ARRAYAND SET 
UPTIE CODES 

F-20 



-OUTFIT SIJBPROGRAM- 

ENTER 
8UTFTI 

TYPE = DATA(i) 

USE i, DATA() Tt3 
CBMPUTE TBIS ELT’s 

21 DIFFERENT LEGAL TYPES (see below) 

PRINT VARY 
CeDE S AND 
LABELS IF 

I 
N8 

I 
YES 

PRINT ‘QUAD”. . . 

‘LENGTH’ . . . 

151081 
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-OUTFITSUBPRCGRAM(2)-  

QUANTlTYISBEAMlNTENi?dTY 

QUANTITYISSYSTEMLENGTH 

PRINT'ACC'... 

I FIT ~~FIT*~... <QUANTITY>...  1 

PBINT'QUADAPERTURES" l-l 

I51082 

F-22 



-0mFrr suBPRoGRAM( 3) - 

[II'J'IY 'BETA' /-'SO2) 

---i--km 'DFlELO'~---SO2) 

'\,, pI!VT 'G/2' 
I..-- L.2, 

. 7 

F-23 



-0urFIT sTJBPRoGRAM( 4) - 

P-24 



-ELEMENT SUBROUPINE- 

ENTER 

__ 

NOTETHAT 
ELEBl2IS 
CALLED TO 
CALCULATE 
MATRICES 
FOR 
ll<TY?E 

1 TYPE=yATA(i)] I 

IS THEELT A 
'PHYSICAL' ELT? 

i.e. IS TYPE IN SET: 

3,4,5,18,19, 

NO 

MATRIX i.e., is: 

SET THE mmu 
MATRIX R(,) EQUAL 
TO IDENTITY MATRIX 

I (MU=~ -1st order 
=42-2nd order) 

USE TYPE TO 
SELECT APPR 

MATRIX CALC. 

TYPE 

21 DIFFERENT LEGAL TYPES 
r (SEE mmw) 

~-25 



-ELEMENT SUBROUTINE (?+ 

YES 

THISELT-07 

1 
NEWVALUE FOR ADD TO PRESENT 
BEAM RIGIDITY BEAM RIGIDITY 

RI-DATA(i + l)*UNlT ARI=DATA(i+‘I~UNlT 

NEW VALUE FOR BEAM ADD TO PRESENT BEAM 
~~TRJX Zpy, ). MATRM SI(, ). INCREASES 
DIAGONAL ELTS GIVEN TO DIAGONAL ELTS (dy) 
FROM DATA (i+ 1.. .6) GIVEN FROM DATA (i+ 1.. .6) 
OFF MAGBNAL ELTSFO 

1 COMPUTE MX. s 
SET UP AS FOR THIS ELT 

r+ EXIT POLE + (RI. *OBTAINED 
FACE FROM AS&XIATED 

‘BEND’ ELT) 

CALL CHEK T8 SEE 
IF INTERVENING 
EISMENC IS A U. 
4. IF NW, AN 
ERRBRMEEfJAGE 
18 PRINTED. 

STL-0 

1 

0 EL1 

151085 
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-ELEMENT SUBROUTINE (3)- 

CBMPUTE RANDBM 
L WITH FREQ. 
DI8l’RIBUTIBN: 

GET LENGTH, FIELD, 
INDEX 8F MAGNET.  CHANGE n SLIGHTLY 
L - DATA(l+l)*UNlT TB PREVENT ZERB DN: 
B - DATA(i+2)*UNIT n=n+10 -6 
n - DATA(i+3) 

CBMPUTE: 
P= RI/B 
a - L/P 

k2 = (l-n)/p2 
1 

RI - rigidity 

(Note: Jg;l IS BNLY BPTIBN 
NBW WBRKING. USE 
‘Z R8’ ELT T8 CREATE 
VERTICAL BEND) 

PATH LENGTH, 
MBMENTUM MX. ELTS. 

151081 



-ELEMEXC SUBROuTINE(4)- 

GAUSSIAN 'I\ 
COMPUTERANDOM \ 
dBWITH FREQ. . 
DISTRIBUTION: 

/ 
FOCUS: j-l 

z CCMPUTE HORIZ. 

/ \ 

~-28 

CENTRAL TRAJECTORY? 
OBTAIN (.I%.) TERMS, 
THEY ARE NOW 1st 
ORDER WlTH-;cREPLACED 
BY CENT. TRA3. 

NO 

I/ 
SET: 

SIP=0 

EFFECT OF NON-ZERO 
CENT. TRAJECTORY 

L------- _____ 



-ELEMENT SUBROUTINE (5)- 

GET C9NTReL 
FLAGS FBR 
UPDATE: 

JA=DATA(I+l) 
&DATA(i+%) 

THE JA+ 0 CASE WA6 AN 
ATTEMPTT~CALCUI&E 
THE EFFECT BF A SIST. 
IT Is GENERALLY 
PHYm2ALLY WRBNG. 

* 
Nf3 

C’3MPUTE EFFECT BN 
IS u-07 BEAM MK 5() BF A SLIT 

ww 
‘UPDATE’ THE W  C@%DINATE JA WIDTH 

K’UNlT 

YES 

~~KEVENP 
NB UPDATE THE 

‘UPDATE’ THE Rl MATRIX 

YES 

r 
CLEAR ALL PARTUL 

SET TB INITIALIZE DERIVATIVE BF R2 
ISK- 07 

NC3 SELECT R2 MK: 
b SETR2P4-1 d R2m: __, MK ELEMENTS W.R.T. 

IUP- ANY PARAMETERS: 
R2vp-0 

7 

\ / I CB(G)=DATA(i + 6)WNIT ) 

CENTRAL TRAJ. 

F-29 

+ * 



-MMLIGNMENT- 

GET MISALIGNMENT I 

NOTE% IN PROGRAM LIRI’ING: 

ifi IS DENOTRD BY VM() 
Ag IS ” ” CTq.) 

AIS ” ” CT(,) 

VECTOR ii$ DATA(i+l)*UNm 1 
DATA(i+Z)WI’UT 2 
DATA(I+3)WNIT 1 
DATA(i+4pUNIT 2 
DATA(i+5)*UIW 1 
DATA(i+S~UNlT 2 

.SUBRCRJTINE TFL USES 
ACCUMULATED MATRICES 
eir, , ) AND VECTORS X0 (lr, , ) 
TO CALC A(,). 

.SUBROUTINE RESET (ir) 
INITIALIZES THESE ARRAYS. 

-8UBRWTINE ADVANCE (ir) 
ACCUMULATES THESE ARRAYI. 

-ON 13. 2ir. CARD, Ir= 1, 2, 3 
DIGIT CODE =DATAQ+~) FOR R,‘RC,RC2 CABES 

RESPECTIVELY. 

-IF TENS DIGIT OF TY’T 
IS xk. THEN matrix A Im 
t&en - (0) (this is e.xwubd 
b mbmutim TFL). 

TMK + FAL8E 

DEFINE MATRICES A, A 
FOR MISALIGNMENT PIh 
POINT AT ENTRANCE FACE 
OF MAGNET(r) 

DEFINE MATRICES A, A0 
FOR MISALIGNMENT PIVOT 
Pow AT Pomr 0~ CENTRAI 
TRAJECTORY OR PRECEDING 
13. 2ir. CARD. 

BELECT: 8ELECT 
Z(,) = (A-RC * Ao) z(, ) = (A-RC2 * Ao) 

ADD TO BEAM MX AN 
UNCERTAINTY DUE TO 
MISALIGNhIENT: i.e., 

cT=r* Z(m,mT) ZT 

151086 
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-ELEMENT BUJSFIOUTINE (6)- 

YE8 
DECREA8E 1 
FROM REPEAT 

b COUNT O N  TOP 
OF PUSH-DOWN 
8I’ACK Ic( ) 

I 

PUSH BTACKB E( ), 
ItI() -8NE LKVEL 

I NEW VALVE8 AT TOP: 

REMOVE TOP-MO8T 
VALUES FROU PUSH- 
DOWN STACKS IC( ), Iq ) 

COUNT 

RESET DATA(.) 
POINTER I TO VALUE 
AT TOP OF PUSH-DOW 

L-DATA(I+l)*UNIT USE TO COMPUTE 
DUWAE=DATA(i+2) l UNlT 
WORK-I$- DATA(I+S) * UNIT 

, ACC SECTION 
MATRM R 

TAMBOd=DATA(i+4) * UNlT (RELATIVIBTIC) 
, 

Q-i 
LOAD S(BEAM Mx) 
WITH OFF-DIAG TERMS 

TYPE 
12 3IJk - DATA(I+n) x [“‘1,“Trk3y2 

PUNCH R, T 
MATRICES 

TURN OFF AUTO 
BEAM PRINTOUT: 

SET FLAGS AS 
PRESCRIBED 

CHANGE TO 1,2,3 RES. 
USE TO RE-ORIENT 
ALIGNMENT MATRICES: 

x0 
0 

F-31 



-ELEMENT SUBROUTINE (‘i)- 

+ 

GET ROW OF 1st 
ORDER MX. FROM 
DATA(i+ 1) THRU 
DATA(i+ 6 ) 

BEYOND DATA (i+7) 

TO FOLLOW) 

GET THE 212nd 
ORDER MK. TERMS 

FROM DATA(i+S) 
THRU DATA(i+31) 

NO (ARB MK. IS COMPLETE) 

GET: IF ‘BLANK’ TYPE 
TYPE OF UNIT CHANGE’ j - DATA(i+l) 15 CARD, CHANGE 
ALFA REP OF NEW UNIT DiM(j) = DATA(i+P) BACK TG STANDARD 
CCJNVEMON FACTOR - DATA(i + 3) UNITS 

CHANGE ALL UNITS 
IN UMT( ) DEPENDENT 

UNITO() SET OF STANDARD UNITS 
(UNCHANGEABLE) 

UNlT() SET OF USER-CHANGEABLE 
UNlTS, INITIALLY THE SAME 
AS UNlTO() 

151088 
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-ELEMENT SUBROUTINE (S)- 

VARIABLE SELECTED BY j 

SETMOM: \ 

(SEE TRANSPORT MANUAL FOR TABLE OF 
j VB. SELECTED VARIABLE. e.g. 

IF j=l THE DATA(i+Z) 
IS P, THE 2nd ORDER MAGNET 

HOMOGENEITY COEFFICIENT) 

GET SEXTUPOLE 

L=DATA(i + l)*UNIT 

COMPUTE 1st 
+ ORDER SEXTUPOLE 

MX. (same as drift) 

GET SOLENOID 
LENGTH, FIEDL 
bDATA(i+ l)*UNlT ’ 
BDATA(i+2)*UNIT 

COMPUTE 

151089 

F-33 
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-ELEMENT SUBROvTINE(9)- 

r j 
I 

YEs(FmE) 1 
w I 

GAUSSLAN: \ 
COMPUTERA.NDC&I I 

TWITHFREQ. i 
DISTRIBUTION 

COMPUCEFIRST 

MATRIX R r--e -em... 

F-34 



-ELEMENT SUBROUTINE (lo)- 

0-l PRESET: 
TYPE 

=21 
R(, ) = IDENTITY MX 

Ii? = 0 (MISALIGNMENT VECTOR) 
I 

v , 
j = DATA(i+l) (ASSUMED = 4. 012.) 

PRESET MISALIGNMENT 
CODE FOR ‘DEFINITE 
DISPLACEMENT AND NO 
RETURN’ i.e., TYT = 010 

PRESET MISALIGNMENT 
CODE FOR ‘UNCERTAINTY 
AND RETURN’ i.e., 

TYT = 000 

v SET 
m(j) = [DATA(i+S)]’ 

m(j) = DATA(i+2) 

1 

SET 

r 

RANDOM NUMBER SELECTED FROM A 
m(j) = DATA(i + 2) + GAUSaN DISTRIBUTION WHOSE HALF 

WIDTH AT HALF MAXIMUM IS DATA(i+3) i 

v * v 

ADJUST m(j) TO ACCOUNT FOR BEAM 
MOMENTUM RIGIDITY 

USE MISALIGNMENT TO 
CALCULATE 

15lOBlO 

F-35 

T * 



ADD SMALL NBN-ZERB MASS 
CBRRECTIBN TB A PATH 
LENGTH MX. ELMT. 

L.M3 
R56= R56+ p2+,2 

-ELEMENT SUBROUTINE (I+ 

SET: 
C~P=FALSE 4 

NB 

RCP = TRUE (UPDATE RCP- TRUE P 
CASE) 

START A FREfM ACCUMULATE 
TRANSFBRM MX. RC TRANSFBRM MX. RC (USE SUBRCJUTINE CAB) 

RC-RC. R  

SET: N9 
CSP=FAl.SE 4 ‘UPDATE’ FLAG 
R2P=TRUE (UPDATE 

CASE) 

SI’ART A FRE8H R2 ACCUMULATE R2 
TRANSFBRM MX. RC2 TRANSFBRM MX RC2 

RCZ-RCZ. R  

TYPl= TYPE 

1410811 



-SOLVE SUBPROGRAM- 

[NEXT INTER 

NOTE: THAT FORM CALLS PARTLS 
WHICH CALLS ELMENT 

CA() - CONTAINS NORMAL EQUATIONS 

a: 
INVERT THE NX N 
MATRIX REPRESENTING 

> 

CA() - N O W  CONTAINS INVERSE 
THE NORMAL EQUATIONS 

e OK-1 

INaDE THE HYPERCUBE 
WHICH CIRCUMSCRIBES THE 
COVARIANCE ELLIPSOID 

1 I 
1  

(NO 
IS STD DEV 5 . S’PREVIOUS STD DEV? ADVANCE Cl: 

c1=c1+1 IMPROVEMENT) 

YES ( IMPROVEMENT) I 

USED NEXT lTER) 

I 

1 PRINT ‘(’ COR;ECTIONS’)’ 1 

ADVANCE CO 
CO=CO+l 

F-37 



-SOLVE SUBPROGRAM (2)- 

PRINT : 
‘COVABIANCE’ <SrD DEV OF FINAL lTER> 

PRINT N X N COVARIANCE MATRlX IN TRANSPORT 
TRIANGULAR FORMAT: 

COVj = (CA(j, j))l” 

CORELATION.. = C&~‘~&~ 
1J 1 J 

j=2,3,4...N+l 
i>j 

v 

SET 
SOLVE = 1 

FORMAT OF ARRAY CA(, ) 

AFTER FORM, BUT BEFORE IN& 

1 

2 
. 
. 
. 
. 
. LEFT FJDE OF 

NORMAL EQNS 

COLUMN VECTOR ON RIGHT 
SIDE OF NORMAL EQUATIONS 

AFTER INQ 

1 z..... (N+l) 

S = SUM OF SQUARES OF THE LEASl’ SQUARES RESIDUALS 

Ai = CORRECTION FOUND TO ith PARAMETER 

1510813 
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-FORM SUBROUTINE- 

-i 

CLEAR (LOWER 
ENTER TRIANGULAR PART 
FORM OF) THE (N+l)x(N+l) 

MATRIX CA(, ) 

SETMl=O LI-J 
+ 

(NOTE: THE MATRM A(,) IS CALLED SA(,) 
IN THE LISTING OF THIS SUBROUTINE) 

(NOTE:MATRDI CA(, ) IS CALLED A(, ) 
IN THE LISTING OF THIS SUBROUTINE) 

Go THRU DATA() TO 
ACCUMULATE FOR 
EACH CONSTRAINT 
AND EACH PARAMETER: 

WEIGHT ATTACHED TO THE CONSTRAINT 

COMPUTE LOWER TRIANGULAR PART 
OF THE (N+l) X (N+l) MATRIK CA: 

CA = ATWA 

SINCE: AisanMx(N+l)MATRM, 

t 

_W is an M x M  (diagonal) MATRIX 

ATisan(N+l)xMMATRIX - 
THEN CA is an (N+l) X (N+l) MATRM 

WHERE: N = #PARAMETERS 
M- #CONSTRAINTS 

NOTES: hI2 IS AN INDEX RUNNING THRU 
-THE CONSTRAINTS 

N’ IS ALL INDEX RUNNING THRU 
THE PARAMETERS. 

IN TRANSPORT, W(, ) IS ALWAYS 
A DIAGONAL MATRIX 

COMPLETE THE (SYMMETRIC) MATRIX CA BY 
FILLING UPPER TRIANGULAR PART W-IT%- 
LOWER TRIANGULAR PART. MATRIX CA 
NOW LOOKS AS SHOWN ON LEFT OF PA- 2 
OF SOLVE SUBPROGRAM FLOW CHART 

1510814 
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-ALTER SIJBPROQUM- 

(M IS RUNNING INDEX ‘ITIRU THE CeNSTIuINT.9) 

(j IS RUNNING INDEX eN Pf3SSIBLE PARAMETERS 
FeR TRIS ELT) 

I I 
FRBY 
PAGE8 

PO 
s 

BELBW 1 1 

VARY - TIE [jtb PARAMETER eF ELT IN DATA(i)] 1 

CBMPUTE CBRRECTED VALUE eF PARAMETER: 

Xl - DATA(i+j) + SIGN (VARY)*CA(IVARY I, 1) 

I DE = NATURAL LBWER LIMIT FeR THIS PARAMETER 
WF THIS ELT. AS GIVEN IN LIMIT1 ARRAY 

I 

YES (N8 LBWER LIMIT GIVEN FeR 

THIS PARAMETER) 

, x1 _ _1,:;S(LJER LIMIT EXCEEDED) 

I 

I 

I (SEE FeRM SUBRBUTINE FLeW CHART 
FeR DESCRIPTIeN eF A(,) MATRIX) 

‘SBFTEN’ THE CeRRESPeNDING 
CONSTRAINT S8hIEWHAT: 

l-0 

C8M 
A(M+l. 1) = (DE + PSI-Xl)/SI 1510815 

F-40 



-ALTER SUBROUTINE (2)- 

FROM 
PREV 
PAGE 

SI = 8 [NATURAL UPPER LIMIT FOR THIS PARAMETER 51 
YES (NO UPPER IJMIT GIVEN 

FOR THIS PARAMETER) 

I NO 

DE - NATURAL UPPER LIMIT FOR THIS PARAMETER piiz+zq 
YES (UPPER LIMIT EXCEEDED) 

Xl = MIN(X1. DE) 

1 

‘SOFTEN’ THE CORRESPONDING 
CONSTRAINT SOMEWHAT:  

A(M+l. 1) = (DE - 2 SI-X1),&1 

I 

, 

i 

ADVANCE CONSTRAINT 
POINTER hi TO NEXT 

D CONSTRAINT: 

M-M+1 

NO CHANGE ALL PARTIAL3 
OF THE VIOLATED 
CONSTRAINT TO ZERO 

CHANGE WEIGHT OF 
VIOLATED CONSTRAINT 

I (+ IF VARY > 0 
- IF VARY < 0) 

F-41 
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-ALTER SUBPRCGRAM (3)- 

PREV 
PAGE 

STORE CORRECTED 
PARAMETER VALUE: 

DATA(i+j) = xl 

PREV 
PAGE 

1. 

ADVANCE J: 

j-1+1 

YES (FINISHED WITH TtUS ELT) 

MVANCE TO NEXT ELT 
i = i + NO(TYPE) 

ALL ELTS? 

w I- ARRAY GNXNG # PARAMETERS 
FOR EACH ELT. e.g., TYPE-6 
(QUAD) HAS 2 PAR’s 
so: Nv(6)-2 

RETURN 

* 

F-42 



-PARTIALS SUBROUTINE- 

FROM OTHER 
PAGES OF THIS 
SUBR. 

1 

PARTIAL DERIVATNE 
CALC’s OR OTHER 
TREATMENT AT THIS 

ILLEGAL TYPE 

PHYSICAL 
ELEMEn’ 

4 N=l 

F-43 

a klcl RCV(, , N)CONTAINS ahN 

WHERE:  RC(, ) IS ACCUMULATED 
TRANSFORM MX. 

R(,) IS MX. FROM 
ELEMENTS 

hN IS THE Nth PARAMETER 

INDEX N RUNS THRU Tl 
PARAMETERS 
TO Nl = TOT. ---Y- -.-. 

HE 
UP 

NUM- 
kwx “b‘ ~‘AKAM- 
ETERS. 



-PARTIAL8 SUBROUTINE (1)- 

?ROY 
NEXT 
PAGE 

N3’LIE (Jvth PMSIBLE PARAMETER OF ELT IN DATA(I)) 

RAMETER OF ELT IN DATA( NO 

La.. ISN2+ 0 7 NEXT POSSIBLE 

I 

CONTINUE TO CAlC 
MAX. # PERAMS: 

Nl - MAX(N1, N2) 

USE TYPE TO SELECT 
APPROPRIATE PARTIAL 

f 
DERIVATIVE x .) 
CALCULATION ‘I’0 GET: 

CALC PARTIAL: 

Jv = 1: &iGTR) 

TYPES CORRESPONDING TO 
PHYSICAL ELTSr 
2,3,4,6.11,14,l6.19,20,6,6 

1510616 
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-SUBRBuTIIfE PARTLS( 3)- 

f 

@..CAu PART2 
J-v=2: g 

J-v#2: g 

J 

JV=l is illegal 
L may net be varied 

CALC PART&3 F8R DEF. DISPL CASE: 

63(Z ?i?) &NTRAL TRAJECTBRY] 
amJV amJV I 

IS HUNDRCDS DIGIT OF 3 DIGIT ALIGN C@DE 

CALC PARTIALS Ff3R UNCERTAINTY CASE: 

1 
S?-=- d 
amJV &JV 

Z<mmT>ZT I 

RAISE SvP() FLAG 
F0R PARAMEKCER mn 
IS SVP(N2)=1 

NBTE: 

@--CALL PART2pvw 

Z IS THE 6X6 MATRIX 
ArsD7ifISTHE6 
VECTBR DESCRIBED 
ABBVE 8N FL@W CHART 
F8R THE ~-TYPE 
BRANCH INSUB- 
RBW7NE ELE!!dENTS 
m,REFEBS T0THEi 
J-Vth Cf3MPWENT 0F 
m. 

F-45 
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-PARTIALS SUBROU?INE(4)- 

Np=ABS(TIEIJVth POSSIBLE PARMETER OF ELT IN DATA(i) 1 

WAS THE JVth POSSIBLE PARAME3YER OF ELT IN DATA(i) 
SELECTED TO BE VARIED? 

CONTINUE TO Cm 
MAX + l?.EmMs 
N1 = MAX (Nl,N2) 

CALC PARTIAL: 
JV=l thru 6: 

EXCEPT FOR T!3E (JV,JV) ELEMENT 
THIs=2nsI(Jv,Jv)mms 

PERCLMrmER h 'ACTIVE' 
INBEAM- FITTING 
SYSTEM 

NO 
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-PARTIAL5 SIJRROUTINE (5)- 

@ --I 

NOTATION: 

GET CONSTRAINT 
KIND FROM 
mxWHERE: 

10.X 
x=OUSUAL 
x = 1 UPPER ONE-SIDED CONSlXAlNT 

GET : 

’ - DATA(i+ ‘) k - MTA(i+?) - CONBTRAINT TYPE 

DE0 - MTA(i+3) - DEaRED VALUE 
SD - DATA(i+I) - Sl.D. DEV. 

ADD 1 TO CONBTRAINT 
c0uN-r : 

m=M2+1 
INTENSITY CONSI’RNT: 

W-WEIGHT OF CONSIXAINT 
RHS - RIGHT SIDE OF CONSTRAINT 

P - PARTIALS w. I?. t. ALL THE 
PARAMETERS 

DETERMINE 
CONSTRAINT TYPE 
USING (j, k): A_ I 1 

1 RHS- ~DEOLUNIT:LC) 
]P- FROM LCV() 

f 
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-PARTIALS SUBROUTINE (6)- 

DIAGONAL BEAM MX. ELEMENT CONSTRAINT: 

W  = l/(ZDEO. SD. WS)’ 

RRS = DEO$Ij ,-CENTRAL TRAJECTORY?) 

(CENTRAL TRAJECTORY) 
1 

NO 

ARE WI3 IN ‘COREL’ 
i.e., IS j > 107 

CONSTRAINT ON CORRELATION COEFF: 
CONSTRAINT ON OFF DIAGONAL BEAM MX ELEMENT: 

W  =l/(sD’UNIT)’ 

RRS = (DEO-(SIjk- CENTRAL TRAJj’w) 

F = FROM (Sijk - $ [CENTRAL TRtJj. mTRAJk]) 

COMMON 
RETURN 
PT. 

IF IT WAS A ONE-SIDED 

d 11 

I NOTATION: 

9 = BEAM MX. 

RC = TRANSFORM MX. 

1510621 
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-PARTIALS SUBROUTINE (?)- 

‘ANTI-VARY’ CASE: 

CHANGE IGN BF PARTIALS 
JUST CBMPUTED: 

FRESH PART,AL M.X. CWNTINUE T0 ACCUMULATE PARTIAL Mx. 

’ RCVN2=F- R+RCVe 

CeNTINUE TB ACCUMULATE PARTIAL MX. 

IS TYPE = 5 

FRBM 1st 
PAGE 8F 
THIS 
SUBRBUTINE 

F-49 



-SUBROUTINE CHEK(l)- 

CHECK DATA FOLLOWING 
POLE FACE ROTATION TO 
SEE IF IS A BEND OR A 
PRINTOUT REQUEST 

NO BEND FOUND. 
CHECKPRECEDING 
DATA 

IMPROPER 
ELEMEXT 

P-50 



-SUBROUTINE CHEK(2)- 

FIELD 

SET FAGS FOR POLE 
FACE ROTATION BEFORE 
BEND FOR 2ND ORDER 
CALCULATION 

1 

0 286 

n dc-- 
I i DATA(I+JJ+j) 1 

.-*--_ I.., _ - .I_. .--.I 
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-SUMMARY- 

SI: 

MATRKFORMAT 

1 2 3.0 NV (NV+l) 

1 

NV 

FLAGS- L 

SlP: 
CENTRALTRAJECTORY 
ISNOTIDENTICALLY=O 

NV4 (FIRSTORDERRUN) 
=42(SECOND ORDER RUN) 

1510823 

F-52 



BEAM TRANSPORT SYSTEY FdR SLAC REAM SdITCHYARO FND STATION A II 

1 

THE SECCND STEP TO FITTING IS TO ALLOW THE FIELDS OF THE FIRST QUAD 

UOUBLET,Ul, TC VARY AS WELL AS THE SYMMETRY QLAD IN OROER TO GET AN IMAGE AT 

THE EXIT OF ThE SYMMETRY GUAD102. AS WELL AS THE PREVIOUSLY b’FNTICNF0 

ACHRCCATIC CCNDIT ICN. 

1 .ocooo c.3occo 

13.ccooo 2.00000 

4.00000 5.oocoo 

2.ocooo c.50000 

13.00000 1.00000 

3.ccooo 8c.ocooo 

L3.ocooo 1.00000 

5.ocooo 2.00000 
VARY CODE 010000 

LABEL = 01 

3.ccooo 2 .ooooo 

5.00000 2.ocooo 
VARY CODE 010000 

LABEL = Cl 

13.00000 1.00000 

9.00000 4.00000 

3.ococo 1.00000 

2.00000 1.50000 

4.ocooo 3.oococ 

2.00000 1.50000 

9.00000 c.0 

13.0c000 1.00000 

3.00000 25.70569 
VARY CCDE 900000 

LABEL = OR1 

5.ocooo 2.00000 
VARY COOE 010000 

LABEL = C2 

0.1000c 

1.45500 

-2.2occc 

2.40000 

14.55occ 

3.59519 

0.30000 0.10000 0.30000 1.00000 25.0000') 

c. c  

5.coooo 

5.coooo 

c. c  

15.c0000 
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13.coooo 1.00000 

10.00000 -1.00000 
LABEL = f IT 1 

10.00000 -3.00000 
LABEL = FIT1 

13.00000 4.00000 

3.00000 24.29425 
VARY CODE 400000 

LABEL = 

13.00000 

9. coooo 

2.ocooo 

4.ccooc 

2.00000 

3.ococc 

9 .ccooo 

13 .ooooo 

1O.OGOOO 
LABEL = 

10.00000 
LABEL = 

13.acooo 

5.00000 
LABEL = 

3.0c000 

5.ocooo 
LABEL = 

CR1 

1.00000 

4.00000 

1.50000 

3.oocoo 

1.5ocoo 

1.00000 

c.0 

1.occoo 

- 1.00000 
F IT2 

-2.00000 
FIT3 

4.00000 

2.00000 
C3 

2.occoo 

2.00000 
G3 / 

3.00000 2oc.oocoo 

13.0c000 1.00000 

-10.00000 1.00000 
VARY CODE 200000 

LABEL = f IT4 

-1o.oooco 3.00000 
VARY CODE 200000 

LABEL = FIT4 

13.00000 4.00000 

2 .ooooo 

4 .oooco 

14.55occ 

6.CCOOO 

6 .ooooo 

-1.9coco 

1.85000 

1.ccooo 

3.cc000 

0.0 

0.0 

0.0 

0.3 

0.0 

5. coooc 

5.00000 

4. coooo 

1.50000 

0.00100 

0.00100 

o.co1oo 

0.c0100 

0.10000 

0.10000 
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BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATICN A II 

*BEAM* 1.000000 25.00 GEV 
0.0 M  0.0 0.300 CM 

0.0 0.100 MR 0.0 
0.0 0.300 CM 0.0 0.0 
0.0 0.100 Ml? 0.0 0.0 0.0 
0.0 0.300 CM 0.0 0.0 0.0 0.0 
0.0 1.000 PC 0.0 0.0 0.0 0.0 0.0 

*BEND* 4.000 5.00000 M 1.455 KG 0.0000 ( 0.500 D ) 

*ROTAT* 2.0 0.50 Cl 

5.0 M  0.0 0.305 CM 
0.0 0.133 NR 0.171 
0.0 0.304 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.164 
0.0 0.300 CY -0.009 -0.001 0.0 0.0 
0.0 1.000 PC 0.071 0.657 0.0 0.0 -0.000 

*DRIFT* 3.0 8c.0000 M 

85.0 M  

*QUAD* 5 .oo 2.00000 M -2.2000 KG 5.000 CM ( -9.151 M 1 
VARY CODE = 010000 

LABEL = al 

*DRIFT+ 3.0 2.0000 H 

*aUAO* 5.00 2.00000 M  2.4OCO KG 5.000 CM ( 9.029 M  ) 
VARY CDDE = OlCOCO 

LABEL = Cl 

91.0 M 

0.0 1.153 CY 
0.0 0.133 HR C.965 
0.0 0.901 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.943 
0.0 0.300 CM -0.003 -0.001 0.0 0.0 
0.0 1.000 PC 0.624 0.657 0.0 0.0 -0.000 

0.0 1.675 CM 
0.0 0.511 HR -0.999 
0.0 0.5b4 CY 0.0 0.0 
0.0 0.151 MR 0.0 0.0 -0.936 
0.0 0.300 CM -0.003 0.003 0.0 0.0 
0.0 1.000 PC D.626 -0.616 0.0 0.0 -0.000 
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*DRIFT* 

*ROTAT* 

*BEND* 

*RUTAT* 

*DRIFT* 

*ROTAT* 

*BEND+ 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROT AT* 

*BEND* 

*ROTAT* 

3.0 

2.0 

4.000 

2.0 

3.c 

2.0 

4.000 

2.0 

3.0 

2.0 

4.000 

2.0 

3.0 

2.0 

4.000 

2.0 

l .OOOC M 

1.50 0 

3.cooco H 14.550 KG 0.0000 ( 2.999 0 1 

1.50 0 

1.0000 M  

1.50 0 

3.00000 M 14.550 KG 0.0000 ( 2.999 0 ) 

1.50 0 

l .OOOC M 

1.50 0 

3.OOOOC M 14.550 KG 0.0000 ( 2.999 0 1 

1.50 0 

1.0000 H 

1.50 0 

3.oooco H 14.550 KG 0.0000 ( 2.999 0 ) 

1.50 0 

107.0 M 0.0 2.218 CM 
0.0 1.824 MR 0.865 
0.0 0.336 CM 0.0 0.0 
0.0 0.165 MR 0.0 0.0 -0.841 
0.0 0.457 CM -0.715 -0.497 0.0 0.0 
0.0 1.000 PC 0.954 0.975 0.0 0.0 -0.610 

*DRIFT* 3.0 25.7057 M 
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*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROT AT* 

*aEND* 

*ROT AT* 

*DRIFT* 

2.0 

3.0 

2.0 

4.000 

2.a 

3.0 

2.0 

4.000 

2.0 

3.c 

2.0 

4.000 

2.0 

3.c 

1.50 0 

1.0000 M 

1.50 0 

3.00000 M 14.550 KG 0.0000 ( 2.999 0 1 

1.50 0 

1.0000 M 

1.50 0 

3.ooooc M  14.550 KG 0.0000 ( 2.999 0 1 

1.50 0 

1.0000 M 

1.50 0 

3.OOOCC M 14.550 KG 0.0000 ( 2.999 0 1 

1.50 0 

l .OOOC M 

175.0 M 0.0 1.115 CM 
0.0 0.174 MR C.988 
0.0 1.340 CM 0.0 0.0 
0.0 0.238 MR 0.0 0.0 0.996 
0.0 0.495 CY -0.000 -0.000 0.0 0.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0.796 

*FIT* 10.0 -1. 6. 0.0 / 0.001 

0.000 
LABEL = FIT2 
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*FIT* 1o.c -2. 6. 0.0 / O.OCl 

o.coo 
LABEL = FIT3 

*TRANSFORM* 1 
-1.07c94 -10.67648 0.0 0.0 0.0 0.00001 
-0.C7885 -1.71978 0.0 0.0 0.0 0.00000 

0.0 0.0 -3.45881 -6.2C807 0.0 0.0 
c.0 0.0 -C.6663D -1.25747 C.0 0.0 

-0.00000 -0.00001 0.0 0.0 1.oocoo -0.39405 
0.0 0.0 c.0 0.0 0.0 1.00000 

*WAD* 5 .co i .COOOO M -1.9OCO KG 5.000 CM ( -10.646 M 1 
LABEL = C3 

*DRIFT* 3.0 2.0000 M 

*UUAD* 5.00 2.00000 H 1.6500 KG 5.000 CM ( 11.609 M 1 
LABEL = C3 

*DRIFT* 3.0 20c.0000 M 

381.0 M 0.0 1.742 CH 
0.0 0.167 MR 
0.0 0.824 CM 
0.0 0.082 MR 
0.0 0.495 CM 
0.0 1.000 PC 

*TRANSFORM* 1 
2.77343 15.30110 0.0 0.0 0.0 -0.00001 
C.21337 1.5377c 0.c 0.0 0.0 -0.00000 
0.0 0.0 2.57533 -2.86091 0.0 0.0 
0.0 0.c C. 27C88 O.C8736 0.0 0.0 

-0.00000 -O.OOOGl 0.0 0.c 1.00000 -0.39405 
c.0 0.0 0.0 0.c 0.0 1.00000 

381.0 M 0.0 1.742 CY 
0.0 0.167 HR 
0.0 0.824 CY 
0.0 0.002 MR 
0.0 0.495 CM 
0.0 1.000 PC 

0.995 
0.0 0.0 
0.0 0.0 0.895 
0.000 0.000 0.0 0.0 

-0.000 -0.000 0.0 0.0 -0. 796 

0.995 
0.0 0.0 
0.0 0.0 0.895 
0.000 0.000 0.0 0.0 

-0.000 -0.000 0.0 0.0 -0.796 

*QUAD* 5.co 2.00000 H 4.5000 KG 5.000 CM ( 4.984 M J 
LABEL = C4 
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*ORIFT* 3.0 2.0000 M 

385.0 M 0.0 0.737 CM 
0.0 3.364 MR -1.000 
0.0 1.424 CM 0.0 0.0 
0.0 1.999 HR 0.0 0.0 1.000 
0.0 0.495 CM 0.000 -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.000 0.0 0.0 -0.796 

*WAD* 5.00 2.OCOOO M -4.2000 KG 5.000 CM ( -4.645 M  1 
LABEL = C4 

387.0 M  0.0 0.172 CM 
0.0 2.478 MR -0.990 
0.0 1.520 CM 0.0 0.0 
0.0 1.070 MU 0.0 0.0 -1.000 
0.0 0.495 CM 0 .ooo -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.000 0.0 0.0 -0.796 

*DRlFT* 3.c 15.OOOC M 

402.0 M  0.0 3.545 CY 
0.0 2.470 MR 1.000 
0.0 0.090 CM 0.0 0.0 
0.0 1.070 HR 0.0 0.0 0.950 
0.0 0.495 CM -0.000 -0.000 0.0 0.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0.796 

*TRANSFCRC+ 1 
-5.8Clb2 -3o.k7849 0.0 0.0 0.0 0.00003 
-4.03058 -21.62466 0.0 0.0 0.0 0.00002 

c.0 0.0 -0.23357 0.56217 0.0 0.0 
c.0 c.c -3.33957 3.75673 0.0 0.0 

-0.G0000 -o.ooooi 0.c 0.c l.ocooo -0.39405 
0.0 0.0 c.0 0.0 0.0 1.00000 

*LENGTH* 401.99’;3 M 

*CaRCtCT IONS* 

( 1.8837F C3J 0.104 -c.197 0.786 -0.019 

4 b.4767E 01) 0.006 -0.CCB -0.001 0.002 

( l .O7COE-01) o.oco -c.oco -0.000 -0.000 

*COVARIANCE ( FIT 0.1 1 
G.000 

-0.979 o.coc 
-0.934 C.552 O.ClO 
-0.572 C.586 0.6C9 0.000 
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I)EAM TKANSPUkT SYSTEM FOR SLAC REAM SWITCHYARD FND ST4TIChl A II 

*BEAM* 1.cooooo 25.OC GEV 
0.0 M  0.0 0.300 CM 

0.0 0.100 HR 0.0 
0.0 0.300 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.0 
0.0 0.300 CM 0.0 0.0 0.0 0.0 
0.0 1.000 PC 0.0 0.0 0.0 0.0 0.0 

*BEND* 4.000 5.ooccc M  1.455 KG 0.0000 ( 0.500 0 b 

*ROT AT* 2.C c.5c c 

5.0 H 0.0 0.305 CM 
0.0 0.133 HR 0.171 
0.0 0.304 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.164 
0.0 0.300 CM -0.009 -0.001 0.0 0.0 
0.0 1.000 PC 0.071 0.657 0.0 0.0 -0.000 

*DRIFT* 3.0 8C.CCOO M 

85.0 M 0.0 1.153 CM 
0.0 0.133 MR 0.965 
0.0 0.901 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.943 
0.0 0.300 CM -0.003 -0.001 0.0 0.0 
0.0 1.000 PC 0.624 0.651 0.0 0.0 -0.000 

*QUAD* 5.co 2.00000 M  -2.C8S8 KG 5.000 CM ( -9.650 P I 
VARY CCDE = 010000 

LABEL = Cl 

*DRIFT* 3.c 2.0’200 M 

*QUAD* 5.00 L.OGOOC M 2.1943 KG 5.000 CM ( 9.843 M I 
VARY CCDE = 010000 

LA@EL = Pl 

91.0 H 0.0 1.661 CM 
0.0 0.392 MR -0.998 
0.0 
0.0 
0.0 
0.0 

0.582 CM 0.0 0.0 
0.147 MR 0.0 0.0 -0.937 
0.300 CM -0.003 0.003 0.0 0.0 
1.000 PC 0.627 -0.613 0.0 0.0 -0.000 
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*DRIFT* 

*ROTAT* 

*BEND* 

*ROT AT* 

*DRIFT* 

*ROTAT* 

*BENO* 

*ROTAT+ 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*ORIFT* 

*ROTAT* 

*BEN04 

*ROTAT* 

3.0 

2.c 

4.000 

2.0 

3.0 

2.0 

4.000 

2.0 

3.0 

2.c 

4 .ooo 

2.0 

3.0 

2.0 

4 .ooo 

2.c 

1.0000 M  

1.50 0 

3.OOOCC M 14.550 KG 0.0000 ( 2.999 0 J 

1.50 D 

l .OOOC M  

1.5c cl 

3.OOOCO M 14.550 KG 0.0000 ( 2.999 0 I 

1.50 D 

1.0000 M 

1.50 0 

3.ooocc M 14.550 KG 0.0000 ( 2.999 0 J 

1.50 D 

l .OOOC Y 

1.50 D 

3.00000 M 14.550 KG 0.0000 ( 2.999 D 1 

1.50 0 

107.0 M 0.0 2.366 CM 
0.0 1.880 MR 0.873 
0.0 0.357 CY 0.0 0.0 
0.0 0.163 MR 0.0 0.0 -0.856 
0.0 0.471 CH -0.737 -0.533 0.0 0.0 
0.0 1.000 PC 0.941 0.9R6 0.0 0.0 -0.617 

*DR lFT* 3.C 24.9203 M 
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VARY CCCE = 900000 
LAPEL = CR1 

*QUAD* 5.co 2.00000 M 3.5785 KG 15.000 CM t 17.815 M J 
VARY COCE = 010000 

LA@EL = 02 

133.9 M 0.0 6.823 CM 
0.0 2.117 MR -0.989 
0.0 0.239 CU 0.0 0.0 
0.0 0.254 MR 0.0 0.0 0.87C 
0.0 0.471 CM -0.615 0.678 0.0 0.0 
0.0 1.000 PC 1.000 -0.989 0.0 0.0 -0.617 

*FIT* 1o.c -1. 2. 0.c / c.001 

-o.coo 
LABEL = FIT1 

*FIT* 10.0 -3. 4. 0.0 / 0.001 

-0.000 
LABEL = FIT1 

*TRANSFURM* 1 
-c.33045 -0.ccoo2 0. c 0.0 0.0 6.82236 
-0.22846 -3.02617 0.C 0.0 0.0 -2.09424 

0.0 0.0 -c. 79757 -0. coo02 0.0 0.0 
0.0 0.0 -0.73609 -1.25380 0.0 0.0 

-C.22507 -2.06457 C.0 0.0 1.00000 -0.2903 7 
0.0 0.0 0.0 0.0 0.0 1.00000 

*DRIFT* 3.0 25.C7F5 t4 
VARY CCCE = 400000 

LA@EL = OH1 

159.0 M 0.0 1.765 CM 
0.0 2.117 MR -0.814 
0.0 0.853 CM 0.0 0.0 
0.0 0.254 MR 0.0 0.0 0.99c 
0.0 0.471 CM -0.338 0.678 0.0 0.0 
0.0 1.000 PC F.890 -0.989 0.0 0.0 -0.617 

*ROT AT+ 2.0 1.50 D 

*BEND* 4 l ooo 3.OOOCO M 14.550 KG 0.0000 ( 2.999 0 J 
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*ROTAT* 

*DRIFT+ 

+ROTAT* 

*BEND* 

*ROT AT * 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*ORIFT* 

*ROTAT* 

*BEND* 

l RDT AT * 

*ORIFT* 

2.0 

3.0 

2.0 

4 .ooo 

2.0 

3.c 

2.0 

4.000 

2.0 

3.0 

2.c 

4.000 

2.0 

3.0 

1.50 0 

1.0000 Y 

1.50 a 

3.coooo H 14.550 KG o.cooo ( 2.999 D J 

1.50 D 

1.0000 Y 

1.50 0 

3.00000 M 14.550 KG o.cooo 1 2.999 D J 

1.50 c 

1.0000 M 

1.50 D 

3.00000 M 14.550 KG 0.0000 ( 2.999 D J 

1.50 D 

1.0000 N 

175.0 M  0.0 1.300 CM 
0.0 0.310 MR 0.997 
0.0 1.227 CY 0.0 0.0 
0.0 0.216 WR 0.0 0.0 0.994 
0.0 0.504 CY -0.000 0.000 0.0 0.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0.804 

*FIT* 10.0 -1. 6. 0.0 / 0.001 

0.000 
LABEL = FIT2 
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*FIT* 10.0 -2. 6. 0.0 / 0.001 

0.000 
LABEL = FIT3 

*TRANSFORM* 1 
-1.26882 -12.42980 0.0 0.0 0.0 0.00001 
-0.22847 -3.02628 C.C 0. c 0.0 0.00000 

0.0 0.0 -3.72852 -5. c3437 0.0 0.0 
c.0 0.0 -0.62031 -1.10576 0.0 0.0 

-0.00000 -0.0c001 0.c 0.0 1.00000 -0.40547 
0.0 0.0 0.0 0.0 0.0 1 .ooooo 

*QUAD* 5.co 2.ocooo M -1.9000 KG 5.000 CM ( -10.646 M 1 
LA@EL = C3 

*DRIFT* 3.0 2.0000 M 

*QUAD* 5.00 2.00000 Y 1.85CO KG 5.000 CM ( 11.609 M 1 
LA@EL = ‘.i3 

*ORIFT* 3.c 2oc.cooc I4 

381.0 M 0.0 0.620 CY 
0.0 0.125 HR C.922 
0.0 0.873 CM 0.0 0.0 
0.0 0.079 MR 0.0 0.0 0.902 
0.0 0.5c4 CH 0.000 0.000 0.0 0.0 
0.0 1.000 PC -0.000 -0.000 0.0 0.0 -0.804 

*THANSFCRM* 1 
1.49989 4.27131 0.0 0.0 0.0 -0.0000 1 
C. 16754 1.14380 0. C 0.0 0.0 -0.00000 
c.0 0.0 2.62306 -3.78386 0.0 0.0 
6.0 0.0 0.26479 -0.00074 0.0 0.0 

-c.ooooo -0.00001 0-c 0.0 1.00000 -0.40547 
0.0 0.0 0.0 0.0 0.0 1 .ooooo 

381.0 M 0.0 0.620 CM 
0.0 0.125 MR 0.922 
0.0 0.873 CM 0.0 0.0 
0.0 0.079 MR 0.0 0.0 0.902 
0.0 0.504 CM 0.000 0.000 0.0 0.0 
0.0 1.000 PC -0.000 -0.000 0.0 0.o -0.804 

*QUAD* 5.co 2.00000 M 4.5COO KG 5.000 CM ( 4.Y84 M J 
LABEL = 64 
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*DRIFT* 3.0 2.OCOC M 

385.0 M  

*WA Cl* 5.00 2.00000 M -4.2000 KG 5.000 CM ( -4.645 M  ) 
LABEL = L4 

*DRIFT* 3.0 15.OOCC M 

0.0 0.282 CM 
0.0 1.154 HR 
0.0 1.506 CM 
0.0 2.111 MR 
0.0 0.504 CM 
0.0 1.000 PC 

387.0 M  0.0 0.098 CM 
0.0 0.791 MQ 
0.0 1.607 CM 
0.0 1.135 MR 
0.0 0.504 CY 
0.0 1.000 PC 

402.0 M  

*TRANSFORM* 1 
-2.97423 -6.38180 0.0 0.0 0.0 0.00002 
-2.09122 -4.82334 C.C 0.0 0.0 0.00001 

0.0 0.0 -0.24656 0.65288 0.0 0.0 
0.0 0.0 -3.40280 4.55466 0.0 0.0 

-0.OODOO -0.00001 0.0 0.c 1.00000 -0.40547 
0.0 0.0 0.0 0.0 0.0 1 .ooooo 

*LENGTH* 401.9993 M 

-0.996 
0.0 
0.0 
P.c!OO 

-0.000 

-0.923 
0.0 
0.0 
o.oco 

-0.000 

0.0 
0.0 1.000 

-0.000 0.0 0.0 
0.000 0.0 0.0 -0.804 

0.0 
0.0 -1.000 

-0.000 0.0 0.0 
0.000 0.0 0.0 -0.804 

0.0 1.097 CM 
0.0 0.791 MR c.999 
0.0 0.099 CM 0.0 0.0 
0.0 1.135 HR 0.0 0.0 0.963 
0.0 0.504 CM -0.000 -0.000 0.0 0.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0.804 
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'BEAM TRAVSPORT SYSTEb' FOR SLAC BEAtI SWITCYYARD END STATlOll A IllA' 
1 
(IN THE THIRD STEP THE FIRST QUAD DOUBLET,Ql, AND TME SYF!EIETRY QUAO,QZ,) 
(ARF NOT ALLOWED TO VARY. T'iS FIELDS OF THE SECOND QUAD DOUBLET,Q3, ARE) 
(ALLOWED TO VARY TO GET A CFRTAIN BEAM SIZE AT THE ENTRAIICE TO THE T'iIRD ?UAD) 
tDOUBLET,Q4.) 
5.0 'Ql' ; 
5.0 'Q.2' ; 
3.0 'DRl' ; 
-10.0 'FITl' ; 
-10.0 'FIT2' ; 
-10.0 'FIT3' ; 
5.01 '43' ; 
10.2 'FIT4' ; 
SENTINEL 
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*ROT AT * 

*BEND* 

*ROT AT * 

*DRIFT* 

*ROT AT* 

*BEND* 

*ROT AT * 

*DRIFT* 

*ROT AT * 

*BEND+ 

*ROT AT * 

*DRIFT* 

*ROT AT * 

*BEND* 

*ROTAT* 

2.0 

4.coo 

2.0 

3.c 

2.c 

4 .ooo 

2.c 

3.0 

2.0 

4.000 

2.0 

3.c 

2.0 

4.000 

2.0 

1.50 D 

3.OOOOC M 14.550 KG 0.0000 t 2.999 D 1 

1.50 D 

1.0000 M  

1.50 D 

3.00000 M 14.550 KG 0.0000 ( 2.999 D ) 

1.50 D 

l .OOOC M 

1.50 D 

3.COOCO M 14.550 KG 0.0000 ( 2.999 D 1 

1.50 D 

l .OOOC M 

1.5’2 D 

3.OOOOC M 14.550 KG 0.0000 1 2.999 D ) 

1.50 0 

107.0 M 0.0 2.366 CM 
0.0 1.880 HR 0.873 
0.0 0.357 CM 0.0 0.0 
0.0 0.163 t4R 0.0 0.0 -0.856 
0.0 0.471 CY -0.737 -0.533 0.0 0.0 
0.0 1.000 PC 0.941 0.986 0.0 C.0 -0.617 

*DRIFT* 3.0 24.9203 M 
LABEL = DRL 
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*WAD* 5 .oo 2.00000 M 3.5785 KG 15.000 CM ( 17.815 c 1 
LABEL = C2 

133.9 M 0.0 6.823 CM 
0.0 2.117 MR -0.989 
0.0 0.239 CM 0.0 0.0 
0.0 0.254 MR 0.0 0.0 0.870 
0.0 0.471 CM -0.615 0.678 0.0 0.0 
0.0 1.000 PC 1.000 -0.989 0.0 0.0 -0.617 

*TRANSFCRM* 1 
-c.33045 -0.00002 0.0 0.0 0.0 6.82236 
-0.22846 -3.02617 0.0 0.0 0.0 -2.09424 

0.0 0.0 -c.79757 -0.00002 0.0 0.0 
0.0 0.0 -0.73609 -1.25380 C.0 0.0 

-c.22507 -2.C6457 C.C 0. c 1.00000 -0.29037 
0.0 0.0 0.0 0.0 0.0 1 .ooooo 

*DRIFT* 3.0 25.0795 M 
LABEL = DRl 

159.0 H 0.0 1.765 CM 
0.0 2.117 MR -0.814 
0.0 0.853 CM 0.0 0.0 
0.0 0.254 MQ 0.0 0.0 0.990 
0.0 0.471 CM -0.338 0.678 0.0 0.0 
0.0 1.000 PC 0.890 -0.989 0.0 0.0 -0.617 

*ROTAT* 

*BEND+ 

*ROT AT * 

*DRIFT* 

*RUT AT * 

*BEND* 

*RUT AT * 

*DRIFT* 

*ROT AT * 

2.0 

4.000 

2.c 

3.0 

2.0 

4 .ooo 

2.0 

3.0 

2.0 

1.5c 0 

3.OOOCO M 14.550 KG 0.0000 ( 2.999 D 1 

1.50 D 

l .OOOC M 

1.50 D 

3.00000 *I 14.550 KG o.cooo ( 2.999 D 1 

1.50 D 

l.OCOC M 

1.50 0 
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*BEND* 4.000 3.00000 M 14.550 KG 0.0000 ( 2.999 D ) 

*ROT AT* 2.0 1.50 D 

*DRIFT * 3.c l .OOOC M 

*ROTAT* 2.0 1.50 0 

*BEND* 4.000 3.OOOCC M 14.550 KG 0.0000 ( 2.999 D ) 

*ROT AT * 2.0 1.50 D 

*DRIFT* 3.C l .OOOC M 

175.0 M  

*TRANSFORC* 1 
-1.26882 -12.4298C 0.0 0.0 0.0 0.00001 
-0.22847 -3.02628 0.C 0.0 0.0 0.00000 

c.0 0.c -3.72852 -5.03437 0.0 0.0 
0.0 0.0 -C.62031 -1.lC576 0.0 0.0 

-o.oocoo -0.0c001 0.0 0.0 1.00000 -0.4054? 
0.0 0.0 0.0 0.0 0.0 1.00000 

*QUAD+ 5 .oo 2.00000 H -1.9OCO KG 5.000 CM 1 -10.646 Y 1 
VARY CODE = 010000 

LAEEL = C3 

*DRIFT* 3.0 2.0000 M 

*aUAO* 5.00 2.00000 M 1.8500 KG 5.000 CM ( 11.609 M 1 
VARY CCDt = 010000 

LABEL = Cl3 

*DRIFT* 3.0 2oo.cooc Y 

dHl.0 H 
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0.0 1.300 CM 
0.0 0.310 HR 0.997 
0.0 1.227 CM 0.0 0.0 
0.0 0.216 M Q  0.0 0.0 0.994 
0.0 0.504 CM -0.000 0.000 0.0 0.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0.804 

0.0 0.620 CM 
0.0 0.125 MR 0.922 



::: k?% . CMRY 0”:: 0”:: 0.90? 
0.0 0.504 CM 0.000 O.@CO 0.0 0.0 
0.0 1.000 PC -0.000 -0.000 0.0 0.0 -0.804 

*t= IT* 10.0 1. 1. 4.coc / c.100 

C.620 
VARY CODE = 2COOOO 

LABEL = FIT4 

*FIT* LO .c 3. 3. 1.5co / c.100 

C.873 
V4RY COOE = 200000 

LABEL = FIT4 

*THANSFORM* 1 
1.49989 4.27131 0.0 0.0 0.0 -0.00001 
c. 16754 1.14380 c. c 0. c 0.0 -0.00000 
c.0 0.0 2.62306 -3.78386 0.0 0.0 
C.0 0.c 0.26479 -0.00074 0.0 0.0 

-0.00000 -0.00001 0.0 0.0 1.00000 -0.40547 
0.0 0.0 0. c 0. c 0.0 1.00000 

381.0 M 0.0 0.620 CM 
0.0 0.125 MR 0.922 
0.0 0.873 CY 0.0 0.0 
0.0 0.079 MR 0.0 0.0 0.902 
0.0 0.504 CM 0.000 0.000 0.0 c.0 
0.0 1.000 PC -0.000 -0.000 0.0 C.P -0.804 

*QUAD* 5.co 2.00000 M 4.5000 KG 5.000 CM ( 4.984 C 1 
LABEL = C4 

*DRIFT* 3.0 2.0000 M 

385.0 M  0.0 0.282 CM 
0.0 1.154 HR -0.996 
0.0 1.506 CM 0.0 0.0 
0.0 2.111 MR 0.0 0.0 1.000 
0.0 0.504 CM 0.000 -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.000 0.0 C.0 -0.804 

*WA04 5.00 2.00000 M -4.2000 KG 5.000 CM 1 -4.645 M  I 
LABEL = C4 

387.0 M  0.0 0.098 CM 
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0.0 n.n x3 t? . -i?Z” . 0.0 -_- 
0.0 1.135 MR 0.0 0.0 -l.OOC 
0.0 0.504 CY O.OGO -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.000 0.0 c.0 -0.804 

*DRIFT* 3.0 15.oocc M  

402.0 M  0.0 1.c97 CM 
0.0 0.791 HR 0.999 
0.0 0.099 CM 0.0 0.0 
0.0 1.135 MR 0.0 0.0 0.963 
0.0 0.504 CM -0.000 -n.noo 0.0 0.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -3. BC4 

*TRANSFCRM* 1 
-2.33281 3.132OC 0.C 0.0 0.0 0.0 
-1.58390 1.65786 0.C 0.0 0.0 0.0 

0.0 0.0 -0.17269 C. 77960 0.0 0.0 
c.0 0.0 -1.30944 0.12067 0.0 0.0 
0.0 0.0 0.C 0.0 1.00000 0.0 
0.0 0.0 0.c 0. c 0.0 1 .ooooo 

*LENGTH* 401.9993 M  

*CORRECTIGNS* 

( 1.4240E 01) -0.790 1.228 

( 2.4036E 021 0.308 -C.526 

( 6.1862E 01) 0.181 -C.277 

1 1.3562E 01) 0.073 -C.lC7 

( 1.7670E COJ 0.013 -0.c19 

( 5.1883E-02 J 0.000 -O.COl 

*COVARIAkCE ( FIT 0.1 J 
0.010 

-0.805 o.oc9 

E -75 



BEAM TR4NSPORT SYSTEM FOR SLAC BEAM SWITCHYARO END STATION A IIIA 

*BEAM* 1 .cooooo 25.00 GEV 
0.0 M  0.0 0.300 CM 

0.0 0.100 WR 0.0 
0.0 0.300 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.0 
0.0 0.300 CM 0.0 0.0 0.0 0.0 
0.0 1.000 PC 0.0 0.0 0.0 0.0 0.0 

*BEND4 4.000 5.ooocc n 1.455 KG 0.0000 1 0.500 D ) 

*ROT AT* 2.0 0.50 0 

5.0 H 0.0 0.305 CM 
0.0 0.133 HR. 0.171 
0.0 0.304 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.164 
0.0 0.300 CM -0.009 -0.001 0.0 0.0 
0.0 1.000 PC 0.071 0.657 0.0 0.0 -3.000 

*DRIFT* 3.c 8C.OCOC M 

85.0 M 0.0 1.153 CM 
0.0 0.133 MR 0.965 
0.0 0.901 CM 0.0 0.0 
0.0 0.100 FIR 0.0 0.0 0.943 
0.0 0.300 CM -0.003 -0.001 0.0 0.0 
0.0 1.000 PC 0.624 0.657 0.0 0.0 -0.000 

*QUAD* 5.co 2.OOOOC M -2.CESB KG 5.000 CM ( -9.650 C ) 
LABEL = Cl 

*DRIFT+ 3.C 2.OOOC M 

*QUAD* 5 .oo 2.00000 M 2.1943 KG 5.000 CM ( 9.843 M 1 
LABEL = Cl 

91.0 M 0.0 1.661 CM 
0.0 0.392 MR -0.998 
0.0 0.582 CM 0.0 0.0 
0.0 0.147 MR 0.0 0.0 -0.937 
0.0 0.300 CY -0.003 0.003 0.0 0.0 
0.0 1.000 PC 0.627 -0.613 0.0 0.0 -0.000 

*DRIFT* 3.0 1.0000 M 
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+ROTAT* 2.0 1.50 II 

+BEND* 4 .ooo 

*ROTAT* 2.0 

3.00000 H 14.550 KG 0.0000 ( 2.999 D J 

1.50 0 

*DRIFT* 3.0 l .COOO M 

*ROTAT* 2.0 1.50 0 

*BEND4 4.000 

4ROTAT4 2.0 

3.00000 M 14.550 KG 0.0000 c 2.999 D 1 

1.50 0 

*DRIFT4 3.0 

*ROTAT+ 2.c 

1.0000 M 

1.50 0 

*BEND* 4 .ooo 

4ROTAT4 2.0 

3.OOOOC M 14.550 KG 0.0000 ( 2.999 D 1 

1.50 cl 

*DRIFT* 3.0 

4ROTAT4 2.G 

1.0000 H 

1.50 D 

*B END4 

4ROTAT4 

4.000 

2.0 

3.coooo M 14.550 KG 0.0000 ( 2.999 0 1 

1.50 3 

107.0 M  0.0 2.366 CM 
0.0 1.880 MR 0.073 
0.0 0.357 CM 0.0 0.0 
0.0 0.163 HR 0.0 0.0 -0.856 
0.0 0.471 CM -0.737 -0.533 0.0 0.0 
0.0 1.000 PC 0.941 0.986 0.0 0.0 -0.617 

4DR IFT4 3.0 24.9203 M 
LA@EL = OR1 
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+QUAC* 5.00 2.OOCOO M 3.5785 KG 15.000 CM ( 17.815 M 1 
LAREL = c2 

133.9 M 0.0 6.823 CM 
0.0 2.117 MR -0.989 
0.0 0.239 CY 0.0 0.0 
0.0 0.254 MR 0.0 0.0 0.870 
0.0 0.471 CM -0.615 0.678 0.0 0.0 
0.0 1.000 PC 1.000 -0.989 0.0 0.0 -0.617 

*TRANSFORC* 1 
-c.33045 -0.00002 0.c 0.0 0.0 6.82236 
-C.22846 -3.02617 C.C 0.0 0.0 -2.09424 

c.0 0.0 -0.79757 -0.00002 0.0 0.0 
0.0 0.0 -c. 73609 -1.25380 C.0 0.0 

-C.L2507 -2.06457 0.0 0.c 1.00000 -0.29037 
0.0 0.0 0.0 0. c  0.0 1.00000 

*DRIFT* 3.0 25.0795 M 
LABEL = OR1 

159.0 M 0.0 1.765 CM 
0.0 2.117 MR -0.814 
0.0 0.853 CM 0.0 0.0 
0.0 0.254 MP 0.0 O.@ 0.99@ 
0.0 0.471 CY -0.338 0.678 0.0 0.0 
0.0 1.000 PC 0.890 -0.909 0.0 0.0 -‘I.617 

*RIJTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROTAT* 

2.c 

4.000 

2.0 

3.0 

2.0 

4.000 

2.0 

3.0 

2.0 

1.50 D 

3.oooco Y 

1.50 cl 

l .OOOC M 

1.50 0 

3.00000 M 

1.50 0 

1.0000 M 

1.50 0 

14.550 KG 0.0000 ( 

14.550 KG 0.0000 ( 

2.599 0 J 

2.999 D I 
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*BEND* 4 .ooo 3.ooI)oc Y 14.550 KG 0.0000 ( 2.999 D ) 

*ROTAT* 2.0 1.50 D 

*DRIFT* 3.0 1.0000 M 

*ROTAT* 2.0 1.50 0 

*BEND* 4.000 3.oooco n 14.550 KG 0.0000 ( 2.999 D J 

*ROTAT* 2.c 1.50 D 

*DRIFT* 3.0 1.0000 Y 

175.0 H 

*TRANSFGRC* 1 
-1.26882 -12.42980 0.0 0.0 0.0 0.00001 
-0.22047 -3.C2628 C.0 0.0 0.0 0.00000 

0.0 0.0 -3.72852 -5.03437 0.0 0.0 
0.0 0.0 -0.62031 -1.10576 0.0 0.0 

-0.00000 -0.00001 0.0 0.0 1.00000 -0.40547 
0.0 0.0 0.c 0.0 0.0 1.00000 

4PU404 5.00 2.00000 M -2.1150 KG 5.000 CM ( -9.532 M J 
VARY CODE = 010000 

LABEL = Q3 

*DRIFT* 3.0 2.oooc M 

*WAD* 5.00 2.00000 M 2.1487 KG 5.000 CM ( 10.044 M ) 
VARY CODE = 010000 

LABEL = Q3 

*DRIFT* 3.0 200.0000 M 

381.0 n 
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0.0 1.300 CM 
0.0 0.310 MR 0.997 
0.0 I.227 CM 0.0 0.0 
0.0 0.216 HR 0.0 0.0 0.994 
0.0 0.504 CY -0.000 0.000 0.0 C.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0.804 

0.0 4.000 CM 
0.0 0.299 MR 1.000 



Eo” 0.113 1.500 CM MR 0.0 0.0 0.0 0.0 0.904 
0.0 0.504 CM 0.000 0.000 0.0 0.0 
0.0 1.000 PC -0.000 -0.000 0.0 0.0 -0.804 

*FIT* 10.0 1. 1. 4.coo / 0.100 

4.000 
VARY CODE = 200000 

LABEL = FIT4 

*FIT* 1o.c 3. 3. 1.500 / 0.100 

1.500 
VARY COOE = 200000 

LABEL = FIT4 

*TRANSFORM* 1 
4.77122 37.35149 0.c 0.0 0.0 -0.00003 
0.33310 2.81727 0.0 0.0 0.0 -0.00000 
c.0 0.0 4.s91c9 -0.09239 0.0 0.0 
0.0 0.0 0.31533 0.13324 0.0 0.0 

-c.oocoo -0.00001 0.0 0.0 1.00000 -0.40547 
0.0 0.0 0.0 0. c  0.0 1.00000 

381.0 M  0.0 4.000 CM 
0.0 0.299 M Q  1.000 
0.0 1.500 CY 0.0 0.0 
0.0 0.113 HQ 0.0 0.0 0.984 
0.0 0.504 CY 0.000 0.000 0.0 0.0 
0.0 1.000 PC -0.000 -0.000 0.0 0.0 -0.804 

*QUA Cl* 5.00 2.00000 M  4.5000 KG 5.000 CM ( 4.984 M  J 
LABEL = 04 

*DRIFT* 3.c 2.0000 Y 

385.0 M  0.0 1.665 CY 
0.0 7.709 HR -1.000 
0.0 2.582 CY 0.0 0.0 
0.0 3.612 MR 0.0 0.0 1.000 
0.0 0.504 CM 0.000 -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.000 0.0 0.0 -0.804 

*PUAO+ 5 .oo 2.00000 M  -4.2OCO KG 5.000 CM ( -4.645 M  J 
LABEL = C4 

387.0 M  0.0 0.347 CM 
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i:: 
5.828 MR 

-xoo 2.754 CM . 0.0 
0.0 1.951 HR 0.0 0.0 -1.oon 
0.0 0.504 CM 0.000 -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.000 0.0 0.0 -0.804 

*DRIFT* 3.0 15.0000 M  

402.0 U 0.0 8.395 CM 
0.0 5.828 MR 1.000 
0.0 0.173 cn 0.0 0.0 
0.0 1.951 MR 0.0 0.0 0.996 
0.0 0.504 CM -0.000 -0.000 0.0 0.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0.804 

*TRAKSFORC* 1 
-2.33281 ?.132OC 0.C 0.0 0.0 0.0 
-1.58390 1.65786 0.0 0.0 0.0 0.0 

OlO 0.0 -0.17269 C. 77960 0.0 0.0 
0.0 0.0 -1.30944 0.12067 0.0 0.0 
0.0 0.0 0. c 0.0 1.00000 0.0 
0.0 0.0 0.0 0.0 0.0 1.00000 

*LENGTH* 401.9993 N 

E-81 



‘BEAM TRANSPORT SYSTEII FOR SLAC BEAM SNITC9YARD END STATION A IllB’ 
* 

(IN TYIS CASE THE VARY CODES FOR THE QUAD DDUBLET,q3, ARE TURNED OFF, AND) 
(THE TIiIRD QUAD DOURLET,Q4, IS ALLOWED TO VARY TO GET A WAIST \‘llT~ A CERTAIF!) 
(SPOT SIZE AT TYE TARGET. 1 
5.0 ‘43’ ; 
5.01 ‘44’ ; 
10.0 ‘FIT5’ ; 
10.0 ‘FITG’ : 
10.2 ‘FIT7’ ; 
SENTIFIEL 

E-82A 



0 d 

z: 
0 :: 

0 
0 

u; 
d 

. 
0 

7 
7 * 



LABEL = I FIT1 

13.00000 4.oocoo 

3.00000 25.07953 
LAEEL = I DR1 

13.coooo 1.00000 

9.00000 4 .OOGOO 

2.00000 1.50000 

4.occoo 3.00000 

2.ocooo 1.5ooca 

3.CCCGO 1.00000 

9.ocooo 0.0 

13.0c0cc 1.00000 

-10.00000 - 1.coooo 
LABEL = FIT2 

-10.00000 -2.00000 
LABtL = FIT3 

i3.ocaoo 4.00000 

5.00000 2.00000 
LABEL = c3 

3.00000 2.00000 

5.oocco 2.00000 
LABEL = (13 

3.OOOOG 200.00000 

13 .ooooo 1.00000 

10.00000 1.oocoo 
VARY CODE 200000 

LABEL = FIT4 

10.00000 3.00000 
VARY CODE 200000 

LABEL = FIT4 

13.c0000 4.00000 

13.00000 1.00000 

5.00000 2.00000 
VARY CODE 010000 

LABEL = C4 

3.ocooo 2.00000 

14.55000 

6.COOCC 

6.CCOOO 

-2.11497 

2.14873 

1.cc000 

3.00000 

4.5ccca 

0.0 

0.0 0.00100 

0.0 0. co100 

5 .GOOOO 

5.coooo 

4.coooo 0.10000 

1.50000 0.10000 

5.00000 

E - 83 
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BEAH TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATICN A 11113 

*BEAM+ 1,cooooo 25.00 GEV 
0.0 H 0.0 0.300 CM 

0.0 0.100 MR 0.0 
0.0 0.300 c-4 e.0 0.0 
0.0 0.100 M4 0.0 0.0 0.0 
0.0 0.300 CM 0.0 0.0 0.0 0.0 
0.0 1.000 PC 0.0 0.0 0.0 0.0 0.0 

*BEND* 4.000 5.OOOCO M 1.455 KG 0.0000 ( 0.500 0 J 

*RUT AT* 2.0 0.50 0 

5.0 M  0.0 0.305 CM 
0.0 0.133 MR 0.171 
0.0 0.304 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.164 
0.0 0.300 CM -0.009 -0.001 0.0 0.0 
0.0 1.000 PC 0.071 0.657 0.0 0.0 -0.000 

*DRIFT* 3.0 8G.0000 M 

85.0 M 0.0 1.153 CY 
0.0 0.133 MQ 0.965 
0.0 0.901 CY 0.0 0.0 
0.0 0.100 YR 0.0 0.0 0.943 
0.0 0.300 CY -0.003 -0.001 0.0 0.0 
0.0 1.000 PC 0.624 0.657 0.0 0.0 -0.000 

*UlJAO* 5.00 2.00000 n -2.0898 KG 5.000 CM ( -9.650 M J 
LABEL = Cl 

*ORIFT* 3.0 2.OOOC M 

*PUAC* 5.00 2.00000 M 2.1943 KG 5.COO CM ( 9.843 M J 
LABEL = L;l 

91.0 M 0.0 1.661 CM 
0.0 0.392 MR -C.998 
0.0 0.582 Ct4 0.0 0.0 
0.0 0.147 MR 0.0 0.0 -0.937 
0.0 0.300 cr -0.003 0.003 0.0 0.0 
0.0 1.000 PC 0.627 -0.613 0.0 0.0 -0.000 

*DRIFT* 3.0 1.0000 H 
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*ROT AT * 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROT AT * 

*BEND* 

*ROT AT * 

*DRIFT* 

*ROT AT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROT AT * 

*BEND* 

*ROTAT* 

2.0 

4.000 

2.0 

3.c 

2.0 

4 .ooo 

2.0 

3.0 

2.0 

4 .ooo 

2 .o 

3.c 

2-c 

4 .ooo 

2.0 

1.50 0 

3.00000 Y 14.550 KG 0.0000 ( 2.999 0 J 

1.50 0 

1.0000 M 

1.50 0 

3.00000 M 14.550 KG 0.0000 ( 2.999 0 J 

1.50 0 

l .OOOC M 

1.50 0 

3.coocc Y 14.550 KG 0.0000 ( 2.999 0 J 

1.50 D 

1.0000 M 

1.50 0 

3.COOCO M 14.550 KG 0.0000 1 2.949 D J 

1.50 0 

107.0 M 0.0 2.366 CM 
0.0 1.880 MR 0.873 
0.0 0.357 CM 0.0 0.0 
0.0 0.163 MQ 0.0 0.0 -0.856 
0.0 0.471 CY -0.737 -0.533 0.0 0.0 
0.0 1.000 PC 0.941 0.986 0.0 0.0 -0.617 

*DRIFT* 3.0 24.9203 M 
LABEL = OR1 

E-86 
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*BEND* 4.000 3.00000 M 14.550 KG 0.0000 ( 2.999 0 J 

*ROT AT* 2.0 1.50 CJ 

*OR1 FT* 3.0 l .OOOC Y 

4 
*ROT AT* 2.0 1.50 0 

*BEND* 4 .ooo 3.ooocc H 14.550 KG 0.0000 ( 2.999 0 J 

*ROTAT* 2.0 1.5c 0 

*DRIFT* 3.0 l .OCOC M 

175.0 M 0.0 1.300 CM 
0.0 0.310 MR 0.997 
0.0 1.227 CM 0.0 0.0 
0.0 0.216 MR 0.0 0.0 0.994 
0.0 0.504 CY -0.000 0.000 0.0 0.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0.804 

*TRANSFCRH* 1 
- 1.26882 -12.4298C 0.C 0. c 0.0 0.00001 
-0.22847 -3.C2628 0.0 0.0 0.0 0.00000 

0.0 0.c -3.72852 -5.03437 0.0 0.0 
0.0 0.0 -0.62031 -1.10576 0.0 0.0 

-c.ocooo -0.0c001 0.0 0.0 1.00000 -0.40547 
0.0 0.0 0.c 0.0 0.0 1.00000 

*QUAD* 5.00 2.00000 M -2.1150 KG 5.000 CM ( -9.532 M J 
LABEL = U3 

*DRIFT* 3.0 2.oooc M 

*WAD* 5 .oo 2.00000 M 2.1487 KG 5.000 CM ( 10.044 M J 
LABEL = 6;3 

*ORI FT * 3.0 2OO.OOOC M 

381.0 M 0.0 4.000 CY 
0.0 0.299 HR 1.000 
0.0 1.500 CY 0.0 0.0 
0.0 0.113 MR 0.0 0.0 0.984 
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o.so4 CY 0.000 0.000 0.0 
1.000 PC -0.000 -0.090 0.0 2: -0.804 

*f= IT4 10.0 1. 1. 4.000 / 0.100 

4.000 
VARY CODE = 200000 

LAt3kL = FIT4 

*FIT* 1o.c 3. 3. I.5OC / c.100 

1.500 
VARY CODE = 200000 

LABEL = FIT4 

*TRANSFORM+ 1 
4.77122 37.35149 c.0 0.0 0.0 -0.00003 
c.33310 2.81727 C.0 0.0 0.0 -0.00000 
0.0 0.0 4.49109 -0. @9239 0.0 0.0 
0.0 0.c 0.37533 0.13324 0.0 0.0 

-o.ooaoo -0.00001 0.0 0.0 1.00000 -0.40547 
c.0 0.0 0. c 0. c 0.0 1 .ooooo 

381.0 Y 0.0 4.000 CM 
0.0 0.299 MR 1.000 
0.0 1.500 CM 0.0 0.0 
0.0 0.113 MR 0.0 9.0 0.984 
0.0 0.504 CY 0.000 0.000 0.0 0.0 
0.0 1.000 PC -0.000 -0.000 0.3 0.0 -9.804 

*WAD+ 5 .oo 2.00000 M 4.5OCO KG 5.000 CM ( 4.984 u 1 
VPRY CCDE = 010000 

LABEL = 04 

*DRIFT* 3.0 2.OOOC M 

385.0 Y 0.0 1.665 CM 
0.0 7.789 HR -1.000 
0.0 2.582 CY 0.0 0.0 
0.0 3.612 MR 0.0 0.0 1.000 
0.0 0.504 CM 0.000 -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.009 0.0 0.0 -0.804 

*QUAD* 5 .oo 2.00000 M -4.2000 KG 5.000 CM ( -4.645 M ) 
VARY CCDE = 010000 

LABEL = C4 

387.0 M 0.0 0.347 CM 
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;:o” 2.754 5.828 CM MR -1.000 0.0 0.0 
0.0 1.951 YR 0.0 0.9 -1.090 
0.0 0.504 CM 0.000 -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.000 0.0 0.9 -3.804 

*DRIFT* 3.0 15.OOOC M 

*FIT+ 10.0 

LABEL 

*FIT* 1o.c 

LABEL 

*FIT* 10.0 1. 1. 

= 

= 

2. 1. 

FIT5 

4. 3. 

F IT6 

VbRY CODE = 200000 
LABEL = FIT7 

*FIT* 10.0 3. 3. 

VARY CODE = 200000 
LABEL = FIT7 

*TRANSFORM* 1 

0.C / 0.001 

48.931 

0.0 / 0.001 

0.336 

0.020 / 0.010 

8.395 

0.020 I 0.010 

0.173 

-2.33281 3.13200 0.C 
- 1.58390 1.65786 0.0 

0.0 0.0 -0.17269 
c.0 0.0 - 1.30944 
0.0 0.0 0.0 
0.0 0.0 0.0 

*LENGTH* 401.9993 M 

*CORRECTIONS* 

402.0 M 0.0 El.395 CM 
0.0 5.828 H4 I.000 
0.0 0.173 CM 0.0 0.0 
0.0 1.951 MR 0.0 0.0 0.996 
0.0 0.504 CM -0.000 -0.000 0.0 0.0 
0.0 1.000 PC 0.000 0.900 0.0 9.0 -0.804 

0.0 0.0 0.0 
0.0 0.0 0.0 
C. 77960 0.0 0.0 
0.12067 0.0 0.0 
0.0 1.00000 0.0 
0.0 0.0 1 .ooooo 
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( 7.4658E C4) 

( 1.9C87E 04) 

( 5.0201E C3) 

t 1.3456E C3) 

( 3.7784E c21 

( 1.0482E 02) 

( 1.6754E 011 

( 3.2649E-01) 

WOVPRIANCE 
0.000 

-0.793 0.000 

-0.700 

-0.431 

-0.240 

-0.131 

-0.068 

-c.o32 

-0.007 

-0.000 

( FIT 0.3 

0.213 

0.237 

0.163 

0.095 

0.045 

0.018 

0.003 

0.000 

E-91 
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4ROTAT4 

*BEND+ 

*ROT AT 4 

4DRIFT4 

*ROT AT 4 

4BEND4 

*ROT AT 4 

4OAIFT4 

4ROTAT4 

4BEND4 

4ROTAT4 

4ORIFT4 

*ROT AT 4 

*BEND* 

*ROT AT4 

2.0 

4.000 

2.c 

3.0 

2.0 

4.000 

2.0 

3.0 

2.0 

4 .ooo 

2.0 

3.c 

2.0 

4.000 

2.0 

1.50 D 

3.00000 4 14.550 KG 0.0000 ( 2.999 0 1 

1.50 0 

1.0000 Y 

1.50 n 

3.00000 M 14.550 KG 0.0000 ( 2.999 D 1 

1.50 0 

1.0000 M  

1.50 D 

3.oooco M  14.550 KG 0.0000 ( 2.999 0 8 

1.50 D 

1.0000 Y 

1.50 0 

3.000CG M 14.550 KG 0.0000 ( 2.999 0 ) 

1.50 0 

107.0 M 0.0 2.366 CM 
0.0 1.8130 MR 0.873 
0.0 0.357 CM 0.0 0.0 
0.0 0.163 MR 0.0 0.0 -0.856 
0.0 0.471 CM -0.737 -0.533 0.0 C.0 
0.0 1.000 PC 0.941 0.986 0.0 0.0 -0.617 

*DRIFT+ 3.0 24.9203 M 
LA@EL = OR1 

E-93 



*QUAD* 5.00 2.00000 M 3.5785 KG 15.000 CM ( 17.815 M ) 
LA@EL = E2 

133.9 H 0.0 6.823 CY 
0.0 2.117 MR -0.989 
0.0 0.239 CY 0.0 0.0 
0.0 0.254 HR 0.0 0.0 0.870 
0.0 0.471 CY -0.615 0.678 0.0 0.0 
0.0 1.000 PC 1.000 -0.989 0.0 0.0 -0.617 

*TRANSFCRM* 1 
-c.33045 -0.0c002 0.0 0. c 0.0 b.82236 
-0.22846 -3.02617 C.C 0.0 0.0 -2.09424 

0.0 0.0 -c. 75757 -0.c0002 0.0 0.0 
c.0 0.0 -0. 73609 -1.25380 C.0 0.0 

-0.22507 -2.06457 0.C 0.0 1.00000 -0.29037 
c.0 0.0 c.c 0. c 0.0 1.00000 

*DRIFT* 3.c 25.0795 M 
LABEL = OR1 

159.0 M 0.0 1.765 CY 
0.0 2.117 NR -0.814 
0.0 0.853 CY 0.0 0.0 
0.0 0.254 MR 0.0 0.0 0.990 
0.0 0.471 CM -0.338 0.678 0.0 0. r! 
0.0 1.000 PC 0.890 -0.989 0.0 0.0 -0.617 

+ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*t3 END* 

*ROTAT* 

*DRIFT* 

*ROT AT * 

2.0 

4 .coo 

2.0 

3.c 

2.0 

4.000 

2.c 

3.c 

2.0 

1.50 0 

3.00000 H 14.550 KG 0.0000 ( 2.999 0 ) 

1.50 D 

1.0000 M  

1.50 0 

3.00000 M 14.550 KG 0.0000 ( 2.999 @  ) 

1.50 D 

1.0000 H 

1.50 0 
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*BEND* 4.000 3.00000 w 14.550 KG 0.0000 ( 2.999 D l 

*ROTAT* 2.6 1.50 c 

*DRIFT* 3.0 1.0000 M  

*ROTAT* 2.0 1.50 D 

*BEND* 4.000 3.oocoo M 14.550 KG 0.0000 ( 2.999 D ) 

*ROTAT* 2.0 1.50 0 

*DRIFT* 3.0 1.0000 M 

175.0 M 0.0 1.300 CY 
0.0 0.310 MR 0.997 
0.0 1.227 CM 0.0 0.9 
0.0 0.216 HR 0.0 0.9 0.994 
0.0 0.504 CM -0.000 0.000 9.9 0.9 
0.0 1.000 PC 9.000 0.000 0.9 0.0 -9.804 

*TRANSFCRM* 1 
-1.26882 -12.42980 0.C 0.0 0.0 0.00001 
-C.22847 -3.02628 0.0 0.0 0.0 0.00000 

0.0 0.0 -3.72852 -5.03437 0.0 0.0 
0.0 0.0 -C.62031 -1.10576 0.0 0.0 

-c.coooc -0.00001 0.0 0.0 1.00000 -0.40547 
0.0 0.c 0. c 0.c 0.0 1 .oooor) 

*QUAD* 5.00 2.00000 M -2.1150 KG 5.000 CM ( -9.532 M 1 
LABEL = 6;3 

*ORI FT* 3.c 2.0000 ?i 

*WAD* 5.co 2.coooo H 2.1487 KG 5.000 CM ( 10.044 n 1 
LABEL = c3 

*DRIFT* 3.c 2oc.oooc cl 

381.0 M  0.0 4.000 CY 
0.0 0.299 HR 1.000 
0.0 1.500 CY 0.0 0.0 
0.0 0.113 MR 0.0 0.0 0.984 
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20” 
1.298 MR -1.000 
2.255 C& 0.0 0.0 

0.0 1.503 MR 0.0 0.0 -1.000 
0.0 0.504 CM O.OGO -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.000 0.0 0.0 -0.804 

*DRIFT* 3.c 15.oocc H 

402.0 M 0.0 0.023 CM 
0.0 1.298 MR 0.000 
0.0 0.020 CY 0.0 0.0 
0.0 1.503 MR 0.0 0.0 -0.000 
0.0 0.504 CY -0.000 -0.000 0.0 0.0 
0.0 1.000 PC 9.000 0.000 0.0 9.0 -0.804 

*FIT* 10.0 2. 1. 

LABEL = FIT5 

*FIT* 10 .o 4. 3. 

LABEL = FIT6 

*FIT* 1o.c 1. 1. 

VARY COCE = 200000 
LABEL = FIT7 

*FIT* 1o.c 3. 3. 

VARY CCDE = 200000 
LABEL = FIT7 

0.0 / c.001 

c. 000 

0.0 / 0.001 

-0.000 

0.020 / c.010 

0.023 

0.02c / c.010 

0.020 

*TRANSFCRM* 1 
-0.23010 3.ceo75 c.0 
-0.44764 1.64740 0.0 

0.0 0.0 -0.C7421 
0.0 0.0 -1.02264 
0.0 0.0 0.0 
0.0 0.0 0.0 

*LEhGTH* 401.5993 M 

0.0 0.0 0.0 
0.0 0.0 0.0 
O.SF798 0.0 0.0 
0.27718 0.0 0.0 
0.0 1.00000 0.0 
0.0 0.0 1 .ooooo 
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‘BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATION A I I IC’ 
1 
( IN T!iE FDURTY STEP TYE LAST TWO QUAD DOUBLETS ARE B0Tt-l ALLWED TO VARY) 
(FOR A FINAL ADJUSTMENT TO GET THE WAIST AND THE SPOT SIZE AT THE TARGET. 1 
5.01 ‘23’ ; 
SENTINEL 
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BEAM TRANSPORT SYSTEM FOR SLAC BEAM S~ITCHYARO END STATICN A IIlC 

1 

IN THE FOURTH STEP Tl+E LAST TkO QUAD DOUBLETS ARE BOTH ALLCwED TC VARY 

FOR A FINAL ACJLSTMENT TO CET ThE YAIST AND THE SPOT SIZE AT THE TARGFT. 

1.00000 

13.00000 

4 .ocooo 

2.00000 

13.00000 

3.ocooo 

13.ccooo 

5. cc000 
LABEL = 

3.coooo 

5.ocooo 
LABEL = 

13.00000 

9.00000 

3.00000 

2. oooco 

4.occoo 

2 .ooooo 

9.00000 

13.00000 

3 l ooooo 
LABEL = 

5.00000 
LABEL = 

13.00000 

-1o.ocooo 
LABEL = 

-10.00000 
LABEL = 

c. 30000 

2 .ooooo 

5.00000 

c.5ocoo 

1.00000 

8C .OOOOO 

1.00000 

2.00000 
Cl 

2.00000 

2.00000 
Cl 

1.occoo 

4.00000 

1.c0000 

1.50000 

3.00000 

1.50000 

0.0 

1 .ooooo 

24.92036 
CR1 

2.00000 
c2 

1.00000 

- 1.00000 
F IT 1 

-3.00000 
F IT 1 

0.1c000 0.30000 0.10000 0.30000 1.00000 25.00000 

1.455cc 0.0 

-2.C8481 5.00000 

2.19428 5. coooo 

14.55000 0.0 

3.57851 15.00000 

2 .ooooo 0.0 0.00100 

4.00004 0.0 0.00100 
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BEAM TRANSPORT SYSTEM FUR SLAC BEAM SWITCHYARD END STATION A IIIC 

*BEAM* 1.cooooo 25.OC GEV 
0.0 H 0.0 0.300 CM 

0.0 0.100 MR 0.0 
0.0 0.300 CY 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.0 
0.0 0.300 CM 0.0 0.0 0.0 0.0 
0.0 1.000 PC 0.0 0.0 0.0 0.0 9.0 

*BEND* 4 .ooo 5.ooocc N 1.455 KG 0.0000 ( 0.500 0 1 

*ROTAT* 2.c 0.50 0 

5.0 H 0.0 0.305 CM 
0.0 0.133 HR 0.171 
0.0 0.304 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.164 
0.0 0.300 CY -0.009 -0.001 0.0 0.0 
0.0 1.000 PC 0.071 0.657 0.0 0.0 -0.000 

*DRIFT* 3.0 8c.0000 H 

‘35.0 H 0.0 1.153 CM 
0.0 0.133 HR C.965 
0.0 0.901 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.943 
0.0 0.300 CM -0.003 -0.001 0.0 0.0 
0.0 1.000 PC 0.624 0.657 0.0 0.0 -0.000 

*QUA O* 5 .oo 2.00000 H -2.C898 KG 5.000 CM ( -9.650 M I 
LABEL = Cl 

*DRIFT* 3.0 2.oooc H 

*QUA C* 5 .oo 2.00000 M 2.1943 KG 5.000 CM ( 9.843 M J 
LABEL = Cl 

91.0 M 0.0 1.661 CM 
0.0 0.392 HR -0.998 
0.0 0.582 CM 0.0 0.0 
0.0 0.147 HR 0.0 0.0 -0.931 
0.0 0.300 CM -0.003 0.003 0.0 0.0 
0.0 1.000 PC 0.627 -0.613 0.0 0.0 -0.000 

*DRIFT* 3.0 l .OOOC H 
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*ROTAT* 

*BEND* 

*ROT AT * 

*ORIFT* 

*ROT AT* 

*BEND* 

*RUT AT + 

*DRIFT+ 

*ROT AT* 

*BEND* 

*ROT AT * 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROT AT * 

2.0 

4 .ooo 

2.0 

3.0 

2.0 

4.coo 

2.c 

3.0 

2.c 

4.coo 

2.0 

3.c 

2.c 

4 .ooo 

2.c 

1.50 0 

3.00000 M 14.550 KG 0.0000 ( 2.999 D 1 

1.50 D 

l .OOOC Y 

1.50 D 

3.00000 14 14.550 KG o.cooo ( 2.999 D ) 

1.50 0 

1.0000 M 

1.50 0 

3.oooco M 14.550 KG o.cooo ( 2.999 D 1 

1.5c 0 

1.0000 Y 

1.50 0 

3.00000 ti 14.550 KG 0.0000 1 2.999 0 I 

I.50 0 

107.0 M 0.0 2.366 CM 
0.0 1.680 MR 0.873 
0.0 0.357 CM 0.0 0.0 
0.0 0.163 MR 0.0 0.0 -0.856 
0.0 0.471 c.u -0.737 -0.573 0.0 0.0 
0.0 1.000 PC 0.941 0.986 0.0 0.0 -0.617 

*DRIFT* 3.c 24.9203 M 
CAEEL = OH1 

E -102 



*QUAO* 5.co 2.00000 M  3.57E5 KG 15.000 CM ( 17.815 M  I 
LABEL = a2 

133.9 M 0.0 6.823 CM 
0.0 2.117 HR -0.989 
0.0 0.239 CM 0.0 0.0 
0.0 0.254 MR 0.0 0.0 0.870 
0.0 0.471 CM -0.615 0.678 0.0 0.0 
0.0 1.000 PC 1.000 -0.989 0.0 0.0 -0.617 

*TRANSFORM* 1 
-c. 33045 -0.00002 0.0 0.0 0.0 6.82236 
-0.22846 -3.02617 0.0 0.0 0.0 -2.09424 

0.0 0.0 -c.79757 -0.00002 0.0 0.0 
0.0 0.0 -0.73609 -1.25380 ‘2.0 0.0 

-C.22507 -2.06457 C.C 0.c 1.00000 -0.29037 
c.0 0.0 0.0 0.c 0.0 1.00000 

*ORI FT* 3.0 25.C795 M 
LABEL = OR1 

159.0 M 0.0 1.765 CM 
0.0 2.117 MR -0.814 
0.0 0.853 CM 0.0 0.0 
0.0 0.254 HR 0.0 0.0 0.99c 
0.0 0.471 CM -0.338 0.678 0.0 0.0 
0.0 1.000 PC 0.890 -0.9139 0.0 0.0 -0.617 

*ROT AT * 

*BEND* 

*ROT AT * 

*DRIFT* 

*ROT AT * 

*BEND* 

*RUT AT * 

*ORIFT* 

*ROT AT * 

2.0 

4.coo 

2.c 

3.0 

2.0 

4.000 

2.0 

3.0 

2.c 

1.50 cl 

3.OCOCC M 14.550 KG 0.0000 ( 2.999 0 ) 

1.50 D 

l .OOOC M 

1.50 0 

3.coooo Y 14.550 KG o.cooo ( 2.999 D 1 

1.50 0 

l .COOC M  

1.50 D 
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*BEND* 4.000 3.OOOCC M 14.550 KG 0.0000 ( 2.999 D 1 

*ROT AT * 2.0 1.50 0 

*DRIFT* 3.0 l .COOC N 

*ROT AT * 2.G 1.50 0 

*btrND* 4.000 3.OCCCO M 14.550 KG o.coco ( 2.999 D 1 

*hOT AT * 2.c 1.50 0 

*DRIFT* 3.C l .COOC M  

175.0 M 

*TRANSFGRb’* 1 
-1.26882 -12.42980 0.C 0. c 0.0 0.00001 
-0.22847 -3.C2628 0.0 0.0 0.0 0.00000 

c.0 0.c -3.72852 -5.03437 a.0 0.0 
c.0 0.0 -0.62031 -1.10576 0.0 c.0 

-c.ooooo -0.00001 c-0 0. c  1.00000 -0.40547 
0.0 0.0 0.0 0.0 0.0 1 .r)o300 

*WAD* 5.00 2.00000 ?A -2.1150 KG 5.COO CM ( -9.532 M J 
VARY CCCE = 010000 

LABEL = C3 

*DRIFT* 3.0 2.0000 M 

*WAC* 5.co 2.00000 M 2.1487 KG 5.000 CM 1 10.044 M ) 
VARY CGCE = 010000 

LAeEL = c;3 

*DRIFT* 3.0 2CC.OCOO M 

0.0 1.300 CY 
0.0 0.310 MP 0.997 
0.0 1.227 CM 9.0 0.0 
0.0 0.216 MR 0.0 0.0 0.994 
0.0 0.504 CM -0.009 0.900 0.0 0.0 
0.0 1.000 PC O.O(‘C O.QOO 0.0 n. 0 -0.804 

381.0 M 0.0 4.000 CM 
0.0 0.299 MR 1.000 
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BEAM TRANSPUkT SYSTEv f13R SLAC HEAM SWITCHYARO FW STATIGN A IIIC 

*BEAM* 1 .cooooo 25.OC GFV 
0.0 M  

*BEND* 4.coo 5.00000 N 1.455 KG 0.0000 t 3.5co D ) 

*ROTAT* 2.@ c.50 0 

5.0 M 

*DRIFT* 3.0 BC.OCOC N 

85.0 H 

*WAD* 5.00 2.COOOC M -2.0858 KG 5.000 CM ( -9.650 u il 
LABEL = CL 

*DRIFT+ 3.c Z.OOOC M 

*WAD+ 5.00 2.00000 M  2.1943 KG 5.000 CM ( 9.843 M 1 
LABEL = ‘.il 

91.0 H 

0.0 0.3CO r\r 
0.0 0.100 MR 0.0 
0.0 0.300 CM 0.0 0.0 
0.0 0.100 MU 0.0 0.0 0.0 
0.0 0.300 C-Y 0.0 0.0 0.9 0.0 
0.0 1.000 PC 0.0 0.0 9.0 0.9 9.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.305 CM 
0.133 L4l-t 0.171 
0.304 CM 0.0 0.0 
0.100 HR 0.0 0.0 0.164 
0.300 04 -0.009 -0.001 0.0 0.0 
1.000 PC 0.071 0.657 0.0 0.9 -0.000 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.153 CM 
0.133 H4 C.965 
0.901 CY 0.0 9.9 
0.100 yp 0.0 0.0 0.943 
0.300 C-H -0.003 -0.001 0.0 0.0 
1.000 PC 0.624 0.657 0.0 c.0 -0.000 

0.0 1.661 CY 
0.0 0.392 MS -0.998 
0.0 0.582 CN 0.0 0.0 
0.0 0.147 MR 0.0 0.0 -0.937 
0.0 0.300 CM -0.003 0.003 0.0 t.0 
0.0 1.000 PC 0.627 -0.613 0.0 0.0 -c.ooo 

*DRIFT* 3.0 1.0000 H 
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*QUAD* 5.00 2.00000 M 3.5785 KG 15.000 CM ( 17.815 P ) 
LABEL = CZ 

133.9 n 

*TRANSFORM* 1 
-c.33045 -0.00002 0.0 0.c 0.0 6.82236 
-C.22846 -3.02617 C.C 0.0 0.0 -2.09424 

0.0 0.0 -c. 79757 -0. coo02 0.0 0.0 
c.0 0.0 -C. 73609 -1.25380 C.0 0.0 

-0.22507 -2.06457 0.0 0.0 1.00000 -0.29037 
c.0 0.c c.c 0.0 0.0 1 .ooooo 

*DRIFT* 3.c L5.C795 M 
LABEL = OR1 

*RUTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROT AT* 

4B END4 

*ROTAT* 

*DRIFT+ 

*RUT AT* 

2.0 

4.000 

2.0 

3.C 

2.0 

4.000 

2.0 

3.c 

2.c 

159.0 M  

1.50 cl 

3.00000 M 14.550 KG o.cooo ( 2.999 0 1 

1.50 II 

1.0000 Y 

I.50 0 

5.OGCCO Y 14.550 KG 0.0000 ( 2.9Y9 13 ) 

1.50 0 

l .COOC 3 

1.50 0 

0.0 6.823 CY 
0.0 2.117 MR -0.989 
0.0 0.239 CM 0.0 0.0 
0.0 0.254 YR 0.0 0.0 0.870 
0.0 0.471 CM -0.615 0.678 0.0 C.0 
0.0 1.000 PC 1.000 -0.989 0.0 0.0 -r).617 

0.0 1.765 CM 
0.9 2.117 MR -0.814 
0.0 0.853 t 0.0 0.0 
0.0 0.254 MR 0.0 0.0 0.99c 
0.0 0.471 CM -0.338 0.678 0.0 Cl.0 
0.0 1.000 PC 0.890 -0.989 0.0 0.0 -0.617 
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*BEND* 4.000 3.oooco M  14.550 KG 0.0000 ( 2.999 D J 

*ROTAT* 2.0 1.50 0 

*DRIFT* 3.0 1.0000 M  

*ROTAT* 2.0 1.50 0 

*BEND* 4.000 3.OOOCO M 14.550 KG 0.0000 ( 2.999 D 1 

*ROTAT* 2.0 1.50 D 

*DRIFT* 3.c 1.0000 M 

175.0 M 

*TRAhSFORM* 1 
-1.26882 -12.42980 0.0 0.0 0.0 0.0000 1 
-0.22847 -3.C2628 0.0 0.0 0.0 0.00000 

0.c 0.0 -3.72852 -5.03437 0.0 0.0 
c.0 0.0 -C.62031 -1.10576 0.0 0.0 

-c.oocoo -0.00001 0.0 0.0 1.00000 -0.40547 
c.0 0.c 0. c  0.0 0.0 1 .c!oooo 

+OUAO* 5.00 2.00000 i4 -2.1150 KG 5.000 CM ( -9.532 M  ) 
VARY caoE = 010000 

LABEL = C3 

*DRIFT+ 3.c 2.OCOC M 

+CllJAD* 5.00 2.00000 M 2.1487 KG 5.000 CM ( 10.044 M 1 
VARY CCCE = 010000 

LABEL = 03 

*DRIFT+ 3.0 200.0000 M 

0.0 1.300 CM 
0.0 0.310 MR 0.997 
0.0 1.227 CY 0.0 0.0 
0.0 0.216 HR 0.0 0.0 0.994 
0.0 0.504 CM -9.000 0.000 0.0 0.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0.804 

381.0 M 0.0 4.000 CY 
0.0 0.299 HR 1.000 
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+F IT+ 10.0 1. 1. 

VARY CODE = 200000 
LABEL = FIT4 

*FIT* 10.0 5. 3. 

VARY CODE = 2CO300 
LABEL = FIT4 

*TRANSFORM* I 

4.coo / 0.100 

4.coo 

1.500 / c.100 

1.500 

4.77126 37.35184 C.C 0.0 0.0 -0.00003 
0.33310 2.81729 0.C 0.0 0.0 -0.00000 
0.0 0.0 4.SYlCl -0.89241 0.0 0.0 
c.0 0.c 0.37533 0.13324 0.0 0.0 

-o.oocoo -0.0c001 0.c 0.0 1.00000 -0.40547 
0.0 0.0 0.0 0.0 0.0 1.00000 

4IIUAO4 5.00 2.00000 M 2.8115 KG 
VARY CCCE = Cl0000 

LABEL = C4 

0.0 1.500 CY 0.0 0.0 
0.0 0.113 MR 0.0 0.0 9.984 
0.0 0.504 CY 0.000 0.900 0.0 0.0 
0.0 1.000 PC -0.000 -0.000 0.0 0.0 -0.804 

381.0 M 0.0 4.000 CY 
0.0 0.299 MR l .OCO 
0.0 1.500 CM 0.0 0.0 
0.0 0.113 MQ 0.0 0.0 0.984 
0.0 0.504 CM 0.000 0.000 0.0 C.0 
0.0 1.000 PC -0.000 -0.OGO 0.0 0.0 -0.804 

5.000 CM ( 7.759 M 1 

*DRIFT+ 3.c 2.OOOC M 

385.0 U 0.0 2.551 CM 
0.0 4.896 HR -1.000 
0.0 2.179 CM 0.0 0.0 
0.0 2.242 MR 0.0 0.0 1.000 
0.0 0.504 CY 0.000 -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.000 0.0 0.0 -0.804 

4clUAD4 5 .oo 2.00000 M -3.4253 KG 5.000 CM ( -5.765 Y ) 
VARY CODE = 010000 

LABEL = C4 
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*DRIFT* 3.c 15.0000 41 

*FIT* 1o.c 2. 1. 

LABEL = FIT5 

*FIT* 1o.c 4. 3. 

LABEL = FIT6 

*FIT* 10.0 1. 1. 

VARY CCDE = 200000 
LABEL = FIT? 

*FIT* 10.0 3. 3. 

VARY CODE = 200000 
LABEL = FIT7 

0.c / 0.001 

0.000 

0.0 / 0.001 

0.000 

0.020 / 0.010 

0.023 

0.020 / 0.010 

0.020 

*TRANSFORM* 1 
-0.23010 3.0@075 0.0 0. c 
-0.4476 4 1.64740 0.0 0.0 

0.0 0.0 -0.C7421 0.99798 
0.0 0.0 -1.02264 0.27718 
c.0 0.0 c.c 0.0 
0.0 0.0 0.0 0.0 

*LENGTH* 401.9993 n 

387.0 M 

402.0 H 

0.0 
0.0 
0.0 
0.0 
1.00000 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
1.00000 

E-113 

0.0 1.948 CM 
0.0 1.298 MR -1.oco 
0.0 2.255 CM 0.0 0.0 
0.0 1.503 HR 0.0 0.0 -1.000 
0.0 0.504 cn 0.000 -0.000 0.0 0. rl 
0.0 1.000 PC -0.000 0.000 0.0 0.0 -0.804 

0.0 0.023 CM 
0.0 1.298 HR -0.000 
0.0 0.020 CH 0.0 0.0 
0.0 1.503 MR 0.0 0.0 0.000 
0.0 0.504 CY -0.000 -0.000 0.0 c.0 
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0. H’)4 



‘UNCERTAINTY 111 MISALIGNMENT OF ClAr;NETIC TRIPLET’ 
0 
(THIS IS Atl EXAMPLE OF AH UNCERTAI rITY I II THE Ml SALI GIIHENT OF A TRI PLET. 1 
(ZERO PHASE SPACE IS USED. IT IS SIEIILAR TO EXAMPLE THREE IH SECTION EIGHT OF) 
(SLAC 91. THE UNCERTAINTIES APPEAR I&J THE PHASE SPACE ELLIPSE PRINTOIJT. 1 
1.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 ; 
3.0 3.66 ; 
6.0 0.0 2.0 ; 
5.0 0.45730 -14.50800 10.15 ; 
3.0 0.15250 : 
6.0 0.0 1.0 ) 
5.0 0.91400 8.39750 10.15 ; 
3.0 0.15250 ; 
5.0 0.45730 -14.50800 10.15 * 
8.0 0.1 0.1 0.1 0.1 0.1 0.1 ioo.0 : 
8.0 0.1 0;i 0.1 Oil 0.1 0.1 0Ol;O f 
8.0 0.1 0.1 0.1 0.1 0.1 0.1 002.0 ; 
3.0 2.13500 ; 
13.0 4.0 ; 
SFtITIFJEL 

E-114A 
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*DRIFT* 3.0 0.1525 Y 

*WAD* 

*ALIGN* 

*ALIGN* 

*ALIGN* 

::ti 
0.0 
0.0 
0.0 

5.3 Y 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.00 0.45730 n -14.5CdO KG 10.150 CM ( -0.441 H ) 
5.0 M 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

8 .COOOOO O.lOC CM 0.10 MR 0.100 CM 0.10 MR 0.100 CM 0.10 MR CD* 0.0 
5.8 M  0.0 0.048 CM 

0.0 2.266 MR 
0.0 0.042 CM 
0.0 1.680 MR 
0.0 0.0 CM 
0.0 0.0 PC 

8.CCCOOO O.LOC CM 0.10 MR 0.100 CM 0.10 MR 0.100 CM 0.10 MR CD* 1.0 
5.8 n 0.0 0.204 CY 

0.0 3.418 MR 
0.0 0.187 CM 
0.0 3.200 MR 
0.0 0.0 CM 
0.0 0.0 PC 

8.COOOOO 0.100 CM 0.10 HR 0.100 CM 0.10 YR 0.100 CM 0.10 MR CD* 2.0 
5.8 M  0.0 0.210 CM 

0.0 3.535 MR 
0.0 0.363 CM 
0.0 3.526 HR 
0.0 0.0 cn 
0.0 0.0 PC 

*DRIFT* 3.0 2.1356 M 
7.9 M  0.0 

0.0 
0.0 
0.0 

i:: c”: 
0.0 MP 
0.0 CM 
0.0 PC 

0.0 CY 
0.0 MR 
0.0 CM 
0.0 MR 
0.0 CY 
0.0 PC 

0.0 CM 
0.0 n!? 
0.0 CY 
0.0 MR 
0.0 CM 
0.0 PC 

0.946 CM 
3.535 HR 
0.569 CM 
3.526 MR 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

1.000 
0.0 
0.0 
0.0 
0.0 

0.884 
0.0 
0.0 
0.0 
0.0 

0.889 
0.0 
0.0 
0.0 
0.0 

0.995 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0 .o 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.9 
0.0 
0.0 
0.0 
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*QUAD* 

*ALIGN+ 

*ALIGN* 

*AL I GN* 
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0.0 0.497 MR 
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0.0 0.662 MR 
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*TRANSFORH* 1 
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*LENGTH* 7.9286 M 

IHC2171 FIOCS - END OF DATA SET ON (iNI 5 

TRACEBACK FCLLOrS- ROUTINE ISN REG. 14 

IBCOM 000755FC 

YKKIN 0013 40066060 

TITLE 0029 4007BDbA 
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MAIN 00015c64 
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SUMMARY OF ERHORS FUR THIS JOB ERROR NUNBEK 

217 
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01078338 FD000008 

NUMBER OF ERRORS 
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FOREWORD 

This report (SLAC-91) represents the completion of an extensive documenta- 
tion of the first- and second-order theory of Beam Transport Optics and of the 
associated computer program (TRANSPORT) that has evolved at SLAC over the past 
several years. This report contains the following: 

1) A Users Manual describing how to prepare data sets for a TRANSPORT 
computation. 

2) Specific Examples of simple and complex TRANSPORT computations to 
illustrate first-order fitting techniques. 

3) A set of Flow Charts for the benefit of the beginning user who needs to 
know what the program does. 

4) An Appendix containing the underlying optics theory behind the program 
that is not adequately covered by other existing references. This also serves 
to introduce the user to TRANSPORT notation. 

In addition to this report, other pertinent documents that may be 
useful to TRANSPORT users are the following: 

5) SLAC-75: A First- and Second-Order Matrix Theory for the Design of 
Beam Transport Systems and Charged Particle Spectrometers. 

6) A Matrix Element Test Deck (obtained from the SLAC! program librarian). 
This has been prepared for the new user and is designed to check all of the 
first- and second-order matrix elements contained in the TRANSPORT program. 

7) A TRANSPORT listing (also obtained from the SLAC program librarian). 

For NEW users of TRANSPORT who desire a copy of the program and the 
appropriate backup documentation, please send your requests to: 

Linda Lorenzetti 
Program Librarian 
SLAC 
P.O. Box 4349 
Stanford, California 94305 

If all you require is the TRANSPORT manual (SLAC Report No. 91) send your 
requests to: 

Reports Distribution Office 
SLAC 
P.O. Box 4349 
Stanford, California 94305 
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I NTRODUCT I ON 

TRANSPORT/360 is a computer program for the design of 

static-magnetic beam transport systems. 

This report (SLAC-91) supercedes the original TRANSPORT instruction 

manual issued in October, 1963 by C. Y. Moore, S. K. Howry, and 

!4. S. Butler. Since the issuance of the original manual, several 

important modifications and additions have been made to the TRANSPORT 

program, among them are: 

a) The second-order portion of the program has been extended to 

include the fringing-fields of bending magnets, second-order curvatures 

on the entrance and exit faces of bending magnets, and the second-order 

aberrations of solenoids. All of the second-order portion of the 

program has been thorough1 y de-bugged us i ng appropriate magnet i c 

optical theorems, direct comparisons with hand calculations, and 

comparisons with results from ray-tracing programs. 

b> Fringing-field corrections to the first-order transverse-optics 

of bending magnets have been added to the program via the Type Code 16. 

elements. 

cl The program has been translated from the original Balgol 

version to Fortran. (We hereby wish to acknowledge the important 

contribution made by Stan Kowalski of F1. I.T. in effecting this 

translation). 

d) A complete free-field format for data input has been added to 

the Fortran version thereby considerably simplifying the use of the 

program. 

7 
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e) A relativistically-correct first-order matrix for a 

traveling-wave linear accelerator section has been added to the program 

via Type Code 11.0. 

f) Provision has been made to introduce second-order corrections 

(curvatures) to the input and output faces of bending magnets via Type 

Code 16. elements to facilitate correctins for various second-order 

aberrations, 

R) Provision has also been made, via the Type Code 16. elements, 

to enable the user to rotate to the focal plane of a system and 

print-out the second-order aberrations along this plane, 

For the benefit of the new users of TRANSPORT, we shall now review 

briefly the mathematical basis of the program, From the outset, it is 

important to emphasize that TRANSPORT is not a ray tracing program in 

the usual sense, but rather is based upon a f i rst- and second-order 

matrix theory of beam transport optics(l,2). 
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kiathematical Formulation of TRA!iSPORT(*) 

The following of a charged particle through a system of mao;netic 

lenses may be reduced to a process of matrix multiplication. At any 

specified position in the system an arbitrary charged particle is 

represented by a vector (single column matrix), X, whose components arc 

the positions, angles, and momentum of the particle with respect to a 

specified reference trajectory. 

Definiti 

i. e. X = 

‘ens: 

x = the radial displacement of the arbitrary ray with respect to 

the assulned central trajectory. 

0 = the angle this ray makes in the radial plane with respect tc, 

the assumed central trajectory. 

Y = the transverse displacement of the ray with respect to the 

assumed central trajectory. 

cp = the transverse angle of the ray with rcsnect to the assurled 

central trajectory. 

(*I For a more complete description of the mathematical basis 

of TRANSPORT, refer to SLAC Report 75, the Appendix of 

tilis report and to other References 1 isted at the end of 

this report. 
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e = the path length difference between the arbitrary ray an:1 the 

central trajectory 

d = AP/P is the fractional momentum deviation of the ray from 

the assumed central trajectory, 

The magnetic lens is represented by a square matrix, R, which describes . 

the action of the magnet on the particle coordinates. Thus the passaze 

of a charged particle through the system may be represented by the 

equation: 

x 111 = R X [O] (1) 

where X [0] is the initial coordinate vector and X [I] is the final 

coordinate vector of the particle under consideration; R is t5e 

transformation matrix for all such particles traversing the system (one 

particle differing from another only by its initial coordinate vector 

x [o] 1. 

The traversing of several maqnets and interspersing drift spaces is 

described by the same basic equation but with R now being the product 

matrix R = R(n)... R(3)R(2)R(l) of the individual matrices of t?e system 

el er,ients. The following of a charged particle via TRA!JSPORT throuzh a 

system of magnets is thus analogous to tracing rays through a systerl of 

optical lenses except that TRANSPORT is a matrix calculation which 

truncates the problem to either first or second-order in a Taylor’s 

expansion about a central trajectory. For studying beam optics to 

Treater precision than a second-order TRANSPORT calculation permits, 
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ray-tracing programs which directly integrate the basic differential 

equation of Inotion are recommended(6). 

In accelerator and beam transport systems, the behavior of an 

individual particle is often of less concern than is the behavior of a 

bundle of particles (the BEAM) of which an individual particle is a 

member. An extension of the matrix algebra of equation(l) provides a 

convenient means for defining and manipulating this BEAM. TRANSPORT 

assumes that the bundle of rays constituting a BEAM may correctly be 

represented in coordinate phase-space by an ell ipsoid whose coor,linates 

are the position, angle, and momentum coordinates of the arbitrary rays 

in the beam about an assumefd central trajectory. Particles in a BEA? 

are assumed to lie within the boundaries of the ellipsoid with each 

point within the ellipsoid representing a possible ray. The sum total 

of all phase points, the phase space volume, is corrnonly referred to as 

the “phase space” occupied by the BF:A!l. The val idi ty and interpretation 

of this phase ellipse formalism must be ascertained for each system 

heinK designed. However, in general, for charged particle beams in, or 

emanating, from accelerators, the first-order phase ellipse for:>alism of 

TR41lSPORT is a reasonable representation of physical reality; but for 

other applications, such as charged particle spectrometers, caution is 

in order in its use and interpretation. 

f 
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The equation of an n-dimensional ellipsoid may be written in matrix . 

form as follows: 

Xl"lT [1 

-1 
CT0 x0 =l [I (2) 

II T 
where X 0 is the transpose of the coordinate vector X 0 , and Q 0 II II is 

a real, positive defini tc, symmetric matrix. 

I The volume o f the n-dimensional ellipsoid defined by siKma is 

the area of the projection in one plane is 

This is the “phase space” occupied by the beam. 

As a particle passes through a system of magnets, it undergoes the 

matrix transformation of equation(l). Combining this transformation 

with the equation of the initial ellipsoid, and using the identity 
-1 

RR = I (the unity matrix), it follows that: 

X [OIT (RTRT 
-1 

> o[o]-’ (R-‘R) x [o] = 1 

from which: 

(RX [0] IT (RQ[O] RT,’ (RX [O] 1 = 1 (3) . 

The equation of the new ellipsoil.i after the transformation 

becomes: 

X[l]' 0[11-’ x [l] = 1 (4) 
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where: 

u [l] = Ru(O] RT (5) 

It can readily be shown that the square roots of the diagonal terms 

of the sigma matrix are a measure of the “beam size” and the 

off-dia,yonal terms are a measure of the orientation of the ellipsoid in 

n-dimensional space (for TRANSPORT n = 6).* Thus, we may specify the 

beam at any point in the system via equation(51, given the initial 

“phase space” represented by the matrix elements of G 0 . 
11 

Several types of physical elements have heen incorporated in the 

proy=ram to facilitate the desi.cn of very general beam transport systeiqs, 

included are: an arbitrary drift distance, bending ma,ynets, 

quadrupoles, sextupoles, solenoids, and an accelerator section (to 

f i rs t-order on1 y). Provision is mde in the program to vary some of the 

physical parameters of the elements comprising the system and to impose 

first-order fitting conditions upon either the TRANSFOWl (RI matrix 

representinK the transformation of an arbitrary ray through the system 

and/or to impose first-order fitting conditions upon the phase ell ipse 

(Siema) matrix representinK the transformation of a bundle of rays 

throu,qh the system, Thus, in principle, the program is capable of 

searchinc: for and findin? the first-order solution to any 

physically-realizable problem. In practice, life is not quite so 

* See the appendix of this report for a derivation of these 
statements. 
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simple, the user will find that an adequate knowledge of geometric 

magnetic optics principles is a necessary prerequisite to the successful 

use of TRANSPORT. In other words, the program is superb at solving the 

mathematics of the problem but not the physics. The user must provide a 

reasonable physical input if he expects complete satisfaction from the 

program. For this reason a brief review of magnetic optics along with a 

list of pertinent reprints and references and some representative 

TRANSPORT calculations are given in the appendix of this manual to 

provide assistance to the inexperienced as well as the experienced user. 

A thorough understanding of the first-order matrix algebra of beam 

transport optics and of the physical interpretation of the various 

matrix elements is an essential prerequisite to the successful use of 

this program. 
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INPUT FORMAT FOR TRANSPORT/360 

The input format for TRAWSPORT/360 is quite similar to that of the 

previous versions of the program. The input DATA SET consists of three 

kinds of cards: the TITLE card, the INDICATOR card, and the DATA cards. 

The TITLE card has single quotes punched in any two columns on the 

card. Any information punched between the quotes will be used as a 

heading in the output of the TRANSPORT run. 

The second card of the input is the INDICATOR card. If the data 

which follows describes a new problem, a zero(O) is punched in any 

column on the card. If the data which follows describes changes to be 

made in the previous problem, a one(l) is punched in any column on the 

card. 

The rest of the cards in a deck contain the DATA describing a beam 

and the physical elements of the magnetic system. Each data set must be 

terminated by the word SENTINEL; the word SENTINEL need not be punched 

on a separate card. The input format of these cards is “free-field” 

which is described below. Each element uses a type code number which 

identifies the element; a field which indicates which physical 

parameters of the element are to be varied if there is to be any 

fitting; the parameters necessary to describe the physical element, such 

as 1 ength, magnetic field strength, etc. and, optionally, a one-to-four 

character label (enclosed between single quotes). The type code numbers 

and their interpretations are summarized in TABLE I. If the type code 

number is negative, the element will be ignored in the calculation which 

fol lows, but may be used in a succeeding calculation. 

7 
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The vary field is punched immediately to the right of the decimal 

point of the type code number. The meaning is exactly the same as it 

was in the 7090 version of the TRANSPORT program. See section under 

Type Code 10. for an explanation of the use of vary codes. 

The data parameters describing the element are punched in the order 

given in TABLE I, in the same order as has been required for previous 

versions of TRANSPORT. Each data entry must contain a decimal point 

unless it is equal to zero. 

The label, if present, is enclosed by single quotes. It may contain 

up to four characters. It will be printed in the output during the 

calculation and can be useful in problems with many elements and/or when 

sequential fitting is used. Labels are essential if the data associated 

with the element is to be changed in succeeding problems. 

Provision has been made in the program to allow the user to 

introduce comments before any type code entry in the data deck. This is 

accomplished by enclosing the comments made on each card with single 

parentheses. 

The data associated with each type-code entry must be followed by a 

semi-colon. If the program encounters a semi-colon before the expected 

number of parameters has been read in, the rest of the parameters are 

set to zero if the indicator card was a zero(O). If the indicator card 

was a one(l) then the numbers on the card are substituted for the 

numbers from the previous solution, but the remaining numbers are 

unchanged. 

The “free-field” input format of the data cards make it considerably 

eas ier to prepare input than the standard fixed-field formats of 
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FORTRAN. Numbers may he punched anywhere on the card. They must be 

separated by one or more blanks. A single number must he all on one 

card; it may not continue from one card to the next. The program is 

limited to 500 data number entries and 200 type code entries. 

A floating-point number e.c.tZ.47) may be represented in any of the 

following ways: 

2.47 

.00247+3 

.0247E+02 

247. E-2 

247000.-5 

The sample problem input which is included below causes TRANSPORT to 

do a first order calculation with fitting and then to do a second order 

calculation with the data that is the result of the fittinx. The type 

ten element which specifies the fitting condition is labeled FITl. It 

is active for the first order calculation but is turned off for the 

secon4 order calculation. The vary codes for elements DRl are 

set to zero for the second-order problem. The second order element, 

SECl, is ineffective durinc the fitting, but causes the program to 

comoute the second-order matrices in the second calculation. The word 

SENTIYFL need not he punched on 2 separate card. 

o-11 
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An ExamDle of a TRANSPORT/360 Input Deck 

'FORTRAN Y CHECK ON BETA FIT' 

0 

1. .5 1. .5 1. .5 1. 1. ; 

-17. 'SECl' ; 

3.3 2.745 'DRl' ; 

2. 0. ; 4. 9.879 10. .5 ; 2. 0. ; 

3.3 2.745 'DRl' ; 

13. 4. ; 

10. -1. 1. 0. .OOOl 'FITl' ; 

SENTINEL 

'SECOUD ORDER' 

1 

17. 'SECl' ; 

3.0 'DRl' ; 

-10. 'FITl' ; 

SENTIpdEL 
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The figzure below shows the 360 TRAPISPOP\T deck setup. I f the data 

are aunched on an 026 keypunch instea,A of an 023 keypunch, one s’lo!lld 

precede the title card with a card on which the characters KEY93 arc? 

punched in any column. No irnbc:lded blanks arc allowed in this corltrol 

statement, 

I Job Terminator Cat-cl (//I 

I Sentinel 

I ljata 

I Indicator Card 

;Jote that as many problems as one wishes may bc stacked 

in one job. 

o-13 

1 1-’ - _. _ _. 



TABLE I 

-_- ----- 
TYPE 2nd 3rd 4th 5th 6th 7th 8th 9Lh 

PHYSICAL ETJMENT CODE ENTRY ENTRY ENPRY ENCRY WIW ENmIy WTRY ENTRY 

BEAM 1 .-vvo x :cm) e a-) y (cm) - -" (mr) 1 fcm) d 'percent ) po 

R.M.S. ADDITION TO **0 

REAM ENvmOPE 1. Ax cm' Afl!mr) AY !a6 ACn (mr) Al ;cm) Ad Ipercent) 'kV/?) o 
f OF 

POLE FACE RdATION 2." RoTATI.'l l Degrees) -- 
DRIFT 3.v LENxH.meters -- 

FIELD zADlmT 
- - 

BmmN:: MAGNET 4.ow I,KTmTi( meters ) FIELD 'k&T) (n-value) 

QUADRLFOLE >.vvc LEN^TH( meters ) FIELD ‘kg) HALF-dPmTURE’cm) 

TRANSFORM 1 UPDArn 6. 0. 1. 

TRANSmm 2 UPDATE 6. 0. 2. -___. 

BEAM CENTROrn SHIFT 7. SHIFP'X)!Crn) SHIFT 8) (mr smr(y)( cm) SHIFT('P) fmr) sarw(e)(cm) SHIm!d!!percent) 

ALI3rn TOLERANCE 8.wwvvc DImJm.ENT(x)c 
NmBER OF 

REPEAT CONTROL 9. 

FfPTING CONSTwIDmS 10. 
Nat.?: + I is used for fitting a beam ((I) mstrix element.. 

- (I + 20) IS used for fitting 8" R2 matrix element. 
-- _-- 

ACCELERATOR 11. 
hAI 

LEN^TH( meter8 ) _---_-__ 

(Rotated Ellipse) 
-hPvr/oLlm 

12. by a Type Code 1. entry). 
CONTROL --- --- 

OPTIONS 13. CODE NUMBER 

ARBITRARY R MATRIX 14.wwwc 
bNITS CONMOL 

NJ,11 R'J,Z) R(J,3) R(J,4) R(J,S) R(J,6) J 

(TFAllSpOrt SCALE FACTOR 
DiUl=SEiOllS) 15. CODE LABEL ! If required) -___ 

Q"ABRATIC TERM 'dinlensionless~ 
OF BENDING. FIELE 16. 1. x=1 

-Mnss OF PARTICLES 
IN BEAM 16. 3. M/m :dime"sio"less) 

RALF-APmTURE OF 
BlmIN3 MAO. in x 
PLANE 16. 4. w 2 id 

?iiLF-APERTURE OF 
BENDEv3 MAO. in y 
PLANE (gap) 16. 5. ~312 (cm) 

LENGTH OF 3'STpl 16. 6. 
hIN^E FIELD CORR- 

L. fmeters) 

ECTION COEFFICEWI 16. 7. KL (dimemlonless) 
FRINJE FED corn- 
ECTION COEFFICIETSr 16. 8. K2 (dimensionless) 
c*"ATum OF 
ENTRANCE FACE OF 
BENDIN^ MAGN!zI 16. 12. '1 RI) '1 meters) 
Cui?"ATmE OF 
EXrl FACE OF 

o-14 



For Stanford TRANSPORT Users: 

TRANSPORT is stored on disc in the program libraries of both the SLAC 360/91 
and the Stanford Campus 360/67 computers. The call decks for these cases are 
listed below: 

For batch or CRBE runs on the 360/91, use the following JCL if you wish 
the output to be printed on the line printers: 

//jobname JfiB userid,bin#,CLASS=El 

I/ a J BLIB DD DSNAME=SYSl.USERLIB,DISP=SHR 

I/ STEP1 EXEC PGM=TRANS 
//FCO4FOOl DD SYS@lT=B 
//3~06~001 DD SYS@C=A 
//FTO5FOOl DD * 

If you wish the output to be returned to the terminal for a CRBE run change 
SYS@JT=A to SYS@T=R on line 5 of JCL. 

If you desire to use the Campus 360/67 for either a Batch or Wylbur run, 
the JCL is as follows: 

//jobname J@B (acct#,bin#,l.O,05,OOl,,l,,X),'Your name'?MSGLEVEL=l 
//J$BLIB DD DSNAME=SYS2.PR~GLIB,DISP=(@D,PASS) 
//STEPS EXEC PGM*RNSP$RT 
//3~06~001 DD SYS@T=A 
//FTO4FOOl DD UNIT=SYSCP,DCB=(RECFM=F,BLKSIZE=80) 
//FTO5FOOl DD * 

The job terminator card for the 360/67 has a /* in columns 1,2. 

1-l ,TIME=(m,ss) should be included if your run will take over 30 seconds 
of CPU time. This will rarely be necessary, even if a large number of 
problems are included in the run. This JCL is valid for MVT, Release 1.8, 
RASP. 

7 7 - 
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TITLE CARD 

The title card is the first card in every TRANSPORT data set. The 

Title Card is always required and must be followed by a 0 or 1 card (see 

next section) to indicate whether the data to follow is new (0 card) or 

a continuation of a previous data set (1 card). 

The title must be enclosed within single quotation l;larl;s on a sin,n;le 

card. For TRA>JSPORT/360, the quotes may bc entered in any column (Free 

field foriiat). 

Exangle of a DATA SET: 

1st card 'SLAC ?O/GcV/c SPECTROriETER' 

2nJ card 0 

data 

Last card SENTliJEL 

SENTlidFL (need not be on separate card) 
d 
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INDICATOR CARD (0 or 1) 

The second card of the input is the indicator card. If the data 

which follow describe a new problem, a zero(O) is punched in any column 

on the card. If the data which follow describe changes to be made in 

the previous problem, a one(l) is punched in any column on the carJ. p!o 

other entries are allowed on this card. 

The sample problem input which is included !xlow causes TRANSPORT to 

do a first order calculation with fitting (0 indicator card) and then to 

do a second order calculation (1 indicator card) with the data that is 

the result of the fitting. 

‘FORTRAFJ H CHECK Oid BETA FIT’ 

0 (Indicator Card) 

1. .5 1. l 5 1. .5 1. 1. ; 

-17. ‘SECl’ ; 

3.3 2.745 ‘DRl’ ; 

3 -. 0. ; 4. 9.879 10. .5 ; 2. 0. ; 

3.3 2.745 ‘DRl’ ; 

13. 4. ; 

10. -1. 2. 0. .OOOl ‘FITl’ ; 

SEiJT I T-IEL 

‘SECO:JD ORDER’ 

1 (Indicator Card) 

17. ‘SECl’ ; 

3.0 ‘DRl’ ; 

-10. ‘FlTl’ ; 

SENT I ;dEL 
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COMMENT CARDS 

Comment cards may be introduced in the data deck before any type 

code entry by inclosing the comments made on each carrl by single 

parentheses. 140 parentheses or quotation marks are allowed within the 

parentheses of any comment card. 

Example of the use of comment cards in a data set: 

‘Title Card’ 

0 

(THIS IS A TEST PROBLEIZ TO ILLUSTRATE THE) 

(USE OF CO;+WIENT CARDS) 

data 

(Ci)MiiENTS MAY ALSO 6E MADE BET\-iEEl 1 

(TYPE CODE ENTRIES OF THE DATA SET) 

data 

S E Id T I F\l E L 
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INPUT REAtl Type Code 1.0 

This element specifies the phase space and the average momentum of 

the input beam for a TRANSPORT calculation. The input is specified by 

the semi-axes of a 6-dimensional erect* beam ellipsoid representing the 

phase space variables x,e,y,cp,&, and 6. Each of these six parameters is 

entered as a positive quantity, but should be thought of as 2x, 20, etc; 

hence, the total beam width is 2x, the total horizontal beam divergence 

is 20 and so forth. 

!lorma 1 1 y, the BEAM card is the thi rd card in the deck if standard 

TRANSPORT units are to be used; otherwise it should immediately follow 

any special units cards (Type Code 15.) chosen for the calculation to be 

:nade. Standard TRANSPORT units for x,0,y,cp,e, and I!I are ems, mr, ems, 

mr, ems, and percent. The standard unit for the momentum P(O) is GeV/c. 

There are eight entries (all positive) to be made on the BEAM card. 

l- The Type Code 1.0 (Specifies a BEAM entry follows) 

2- One-half the horizontal beam extent (x1 (ems in standard units) 

3- One-half ” II II divergence (0) (mr). 

4- One-half the vertical beam extent (y> (ems). 

5- One-half ” II ” divergence (‘Q) (mr1. 

6- One-half the longitudinal beam extent U!> (ems). 

7- One-half the momentum spread (6) (in units of percent AP/P) 

8- The momentum of the Central Trajectory (P(O)) (GeV/cI. 

*For a rotated (non-erect) phase ellipsoid input, see 
Type Code 12. 
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All eight entries must be made even if they are zero(O) and the last 

entry must be followed by a semicolon. Thus a typical BEAM entry might 

be. 

1.0 0.5 2.0 1.3 2.5 0. 1.5 10.0 ; 

meaning, x = z 0.5 ems, 0= 2 2.0 mr, y = 2 1.3 ems, cP= ?: 2.5 mr, 

a = 2 0.0 ems, 6= 2 1.5 percent AP/P, and the central momentum 

P(O) = 10.0 GeV/c. 

The units of the tabulated matrix elements in either the 1st order R 

or sigma matrix or second order T matrix of a TRANSPORT printout will 

correspond to the units chosen for the BEAM card. For the above 

exarnpl e, the R(12) = (x/e> matrix element will have the dimensions of 

cms/mr ; and the T(236) = (e/y61 matrix element will have the dimensions 

mr per cm per percent AP/P and so forth. 

The longitudinal extent R is useful for pulsed beams. It indicates 

the spread in length of particles in a pulse. It does not interact with 

any other component and may be set to zero if the pulse length is not 

important. 

The phase ellipse (sigma matrix) beam parameters are normally 

printed as output after each data entry unless suppressed by a 

(13. 2. ; > type code entry. The projection of the semi-axes of the 

ellipsoid upon each of its six coordinate axes is printed in a vertical 

array and the correlations among these components indicating the phase 

ell ipse orientations are printed in a triangular array (see the 

following pages). 
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THE PHASE ELLf PSE BEA, !MTRl% 

The beam matrix carried in the computer has the following 

construction: 

I X 8 Y cp e d 

X 

e 

O(ll) 

a(211 a(221 

a(311 a(321 a(331 

a(411 a(421 UC431 a(441 

a(511 ~(52) a(531 a(541 a(551 

~(61) ~(62) a( 63 1 ~(64) ~(65) a(661 

The matrix is symmetric so that only a triangle of elements is 

needed. 

In the printed output this matrix has a somewhat different format 

for ease of interpretation: 

X 

e 

Y 

cp 

e 

& 

X 8 Y cp e 

d- a(111 Cl-1 

If a(221 MR t-(21) 

Ar a(331 c I4 t-(31) t-(32) 

d- UC441 M R t-(41) t-(42) t-(43) 

?r a(551 Cl1 t-(51) t-(52) t-(53) r(54) 

If N66) PC t-(61) r(62) t-(63) t-(64) t-(65) 
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where : r(ij) = 

As a result of the fact that the Q matrix is positive definite, the 

r(ij>‘s satisfy the relation 

Ir(ij)l \< 1 

The full signif 

in deta il in Append 

always printed with 

cance of the U(ij)‘s and the r(ij)‘s are discussed 

x I (“Description of Beam Matrix”). The units are 

the matrix. 
F 

In brief, the meaning of thedU(ii)‘s is as follows: 

lr a(111 = Xmax = The maximum (half)-width of the beam envelope in the 

x(hend) plane at the PO int of the printout. 

lr a(221 = emax = The maximum (half)-angu lar divergence of the beam 

envelope in the x(hend) plane. 
I- 

VU33) = Ymax = The maximum (half)-height of the beam envelope. 

d- a(441 = qmax = The maximum (half)-angular divergence of the beam 

envelope in the y(non-bend)-plane. 

I/-- U(55> = Imax = l/2 the longitudinal extent of the bunch of 

particles. 

7/- a(661 = b = The half-width l/2 CAP/P) of the momentum interval 

being transmitted by the system. 

The units appearing next to the Al- b(ii)‘s in the TRANSPORT printout 

sheet are the units chosen for coordinates x, 8, y, v, k! and d = AP/P 

respectively. 
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To the immediate left of the listing of the beam envelope size in a 

TRANSPORT printout, there appears a column of numbers whose values will 

normally be zero. These numbers are the coordinates of the centroid of 

the beam phase ellipse (with respect to the initially assumed central 

trajectory of the system). They may become non-zero under one of three 

circumstances: 

1) When the misalignment (Type Code 8.1 is used. 

2) When a Beam Centroid shift (Type Code 7.1 is used. 

or 31 When a 2nd.order calculation (Type Code 17.) is used. 
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To aid In the interpretation of the phase ellipse parameters listed 

above, an example of an (x,8) plane ellipse is illustrated below. For 

further details the reader should refer to the appendlx of this report. 

8 int 

CENT 

e 

A Two Dimensional BEAM Phase El1 ipse 

The area of the ell ipse is given by: 

l/2 
A = n(det a> = ?rrj( e = nX e 

ma x int int max 

1358Al 
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rms ADDITION TO THE BEAM Type Code 1.0 

To allow for physical phenomena such as multiple-scattering, 

provislon has been made in the program to permit an rms addition to 

tl luded: he heam envelop to he made. There are nine entries to be inc 

1 - TvDe Code 1.0 (specifying a BEAM entry follows) 

ition to the horizontal beam 

_ . 

2 - one-half the rms add 

extent (Ax)(cms). 

3 - one-half the rms add 

divergence (A0)(mrL 

ition to the horizontal beam 

4 - one-half the rms addition to the vertical beam 

extent (Ay)(cms). 

5 - one-half the rms addition to the vertical beam 

divergence (A<P)(mr). 

6 - one-half the rms longitudinal beam extent 

(Al> (ems). 

7 - one-half the rms momentum spread (A61 

(in percent APIP). 

8 - the momentum change in the central trajectory 

. (AP(O) 1 1 n tGeV/c). 

9 - the code digit 0. indicating an rms addition to to 

the beam is being made. 
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The units for the r.m.s. addition are the same as those selected 

for a regular beam Type Code 1.0 entry. Thus a typical r.m.s. addition 

to the beam would appear as follows: 

1.0 0.1 0.2 0.15 0.3 0. 0.13 -0.1 0.0 ; 

where the last entry (0.0) preceding the semicolon signifies an r.m.s. 

addition to the beam is being made and the next to the last entry 

indicates a central momentum change of -0.1 GeV/c. 
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FRINGING FIELDS and POLE-FACE ROTATIONS Type Code 2.0 

To provide for fringing fields and/or pole-face rotations on 

bend i ng magnets, the Type Code 2.0 element is used. 

There are two parameters: 

l- Type Code 2. 

2 - angle of pole-face rotation (degrees). 

The Type Code 2. element must either immediately precede a bending 

magnet (Type Code 4.1 element (in which case it indicates an entrance 

fringing field and pole-face rotation) or immediately follow a 

Type Code 4. element (exit fringing field and pole-face rotation) with 

no other data entries between.* A positive sign of the angle on either 

entrance or exit pole-faces corresponds to a transverse focusing action 

and radial defocusing action. 

For example, a symmetrically oriented rectangular bending magnet 

whose total bend is 10 degrees would be represented by the three 

entries: 2. 5. ; 4. --- ; 2. 5. ; 

The angle of rotation may be varied. For example, the element 

2.1 5. ; ~oulti allow the angle to vary from an initial guess of 5 

degrees to a final value which would, say, satisfy a vertical focus 

constraint imposed upon the system. See the Type Code 10. section for a 

complete discussion of vary codes. 

Even if the pole-face rotation angle is zero, 2. 0. ; entries must 

he included in the data set before and after a Type Code 4.0 entry if 

fringing-field effects are to be calculated, 

* It is extremely important that no data entries be made between a 
Type Code 2. and a Type Code 4. entry. if this occurs, it may result in 
an Incorrect matrix multiplication in the program and hence an incorrect 
physical answer. 
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A single Type Code 2. entry that follows one bending magnet and 

precedes another will be associated with the latter. 

Should it be desired to misalign such a magnet, an update must be 

forced prior to the first type 2. code entry and the convention 

appropriate to misalignment of a set of elements applied, since, indeed, 

three separate transformations are involved. See section under 

Type Code 8. for a discussion of misalignment calculations. 

The type code signifying a rotated pole-face is 2.0. The input 

format is: 

Label (if desired) 

2.0 B. ‘RO’ ; 

The units for f3 are degrees. 
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TRANSPORT calculation is as follows: 

R = 

POLE-FACE ROTAT I ON MATRI X 

The first-order R matrix for a pole-face rotation used in a 

Definitions: 

0 
tan(W) 1 -- 

P 
0 0 0 1 0 

0 0 0 0 1 

B= angle of rotation of pole-face (see figure on 

following page for sign convention of 8) 

P = bending radius of central trajectory 

g = total gap of magnet 

*= correction term resulting from finite extent of 

fringing fields.** 

where 

*See Type Code 16. for input formats for g, K(l), and K(2) TRANSPORT 

entries. 

** See SLAC-Report No. 75 (page 74) for a discussion of 9. 
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748A15 

FYXLD BOL.XDARIES FOR BERDING MAGNETS 
The TRANSPOEQ sign conventions for x, 8, R and h are all positive as shown in the figure. The positive 
y dil;ection is out of the paper. Positive p's imply transverse focusing. Positive R's (convex. curvatures) 

represent negative sextupole components of strength S = (- see3 /3. (See SLIAC-75, page 71). 



DRIFT Type Code 3.0 

A drift space is a field-free region through which the beam passes. 

There are two parameters: 

l- Type Code 3. (specifying a drift length). 

2 - (effective) drift length (meters). 

Typical Input Format for a DRIFT 

I- 

Label (if desired) (not to 

exceed 4 spaces between 

quotes 1 

3.0 6.0 'Dl' ; 

DRIFT SPACE MATRIX 

The first-order R matrix for a DRIFT space is as follows: 

where 

L = the length of the drift space. 
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The dimensions of L. are those chosen for longitudinal length via a 

Ic un I ts symbol 

scale factor (if needed) 

15. 8. ’ ’ ; type code entry (if used) preceding the BEAM 

(Type Code 1.1 card. If no 15. 8. entry is made, the units of L. will ’ 

automatically be in METERS (Standard TRANSPORT/360 units). 
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WEDGE BENDING MAGNET Type Code 4.0 

A wedge bending magnet implies that the central trajectory of the 

beam enters and exits perpendicularly to the pole-face boundaries (to 

include fringing-field effects and non-perpendicular entrance or exit 

boundaries-- see Type Codes 2.0 and 16.0 I. 

There are four first-order parameters to be specified for the wedge 

magnet via Type Code 4.0** 

l- Type Code 4.0 (specifying a wedge bending magnet) 

2 - The (effective) length L of the central trajectory. 

(meters) 

3 - The central field strength B(O) in KG, 

B(O) = 33.356 (P/P) 

where P is the momentum in GeV/c and P is the 

bending radius of the central trajectory in meters. 

4 - The field gradient (n-value) dimensionless; where n is 

defined by the equation By(x,O,t) = BYtO, 0, t)[l-nhx+ . ..I. 

where 

h= 1. See SLAC-75 (page 31). 
52 

B(O), and n may be varied for 1st order fitting (see 

section 10.0 for a discussion of vary codes). 

A typical first-order TRANSPORT/360 input for a wedge magnet is: 

Label (not to exceed 4 spaces) 

4.0 L. B. n. ’ ’ ; 

** See Type Code 16. for special parameter entries affecting 
fringing field and/or second-order calculations for bending 
magnets. 



If fringing field effects are to he included, a Type Code 2. 

entry must precede and follow the pertinent Type Code 4. entry (even if 

there are no pole-face rotations.)** Thus a typical TRANSPORT/360 input 

for a bending magnet including fringing fields mi.Eht be: 

2 0 J-7 

Labels (not to exceed 4 spaces) if desirecl 

. . . , 

4. L. B(O). n. ’ ’ ; 

2. 0. ’ ’ ; 

For non-zero pole-face rotations a typical data input might be: 

2. 10. ; 4. L. B(O). n. ; 2. 20. ; 

note that the use of labels is optional and that all data 

entries may be made on one line if desired. 
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The sign conventions for bending magnet entries are illustrated In the 

following figure (748A15). For TRANSPORT/360, a positive bend is to the 

right looking in the direction of particle travel. To represent a bend 

in another sense, the coordinate rotation matrix (Type Code 20.1 should 

be used as follows: 

A bend up is represented by rotating the (x, y) coordinates by 

- 90.0 degrees about the (z) beam axis as follows: 

Labels (not to exceed 4 spaces) if desired 

20. -90. ’ ’ ; 

2.0 B(l). ’ ’ ; 

4.0 L. B. n. ’ ’ ; 

2.0 P(2). ’ ’ ; 

20. +90. ’ ’ ; (returns coordinates to their initial 

orientation) 

A bend down is accomplished via: 

20. +90. ’ ’ ; 

2. 

4. 

2. 

20. -90. ’ ’ ; 

1 

4-3 

T ’ 



A bend to the left (looking in the direction of beam travel) is 

accomplished by rotating the x, y coordinates by 180 degrees, e.g. 

20. 180. ’ ’ ; 

2. 

4. 

2. 

20. -180 ’ ’ ; 
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CENTRAL 
TRAJECTORY 

748A15 

FIFLD BOW'JDARIES FOR BFIDINrJ MAGNETS 
The TRANSPORT sign conventions for x, 0, R and h are all positive as shown in the figure. The positive 
y direction is out of the paper. Povitlve B'S imply transverse focusing. Fositive R's (convex curvatures) 

represent negative sextupole com;poner.ts of strength S = (- &! se2 fi , (See SAC-75, page 71). 



1st ORDER 
WEDGE BENDING MAGNET MATRIX 

cos kxL $S 

X 

in kxL 

-kxsin kxL cos kxL 

-$&in kxL 
X 

0 

-11-[l 

9 

-cos k,L] 

0 

cos kyL 

-kY sin kyL 20s ky L 

0 

0 

&sin kyL 
Y 

$ [l-cos k,L] 
X 

($)sin kxL 
X 

0 

0 

-$ [k,L-sin kxL] 

X 

1 

Definitions: h = $- , x = (l-n)h2, ky = nh2 k2 2 

a = h: = The angle of bend 

L = path length of the central trajectory 

The field expansion for the rnidplane of a bending magnet is taken 

from eq(18) page 31 of SLAC-75 thereby defining the dimensionless 

quantities n and 13 as follows: 

By(x,o,t) = By(o,o,t) [1-nhx + B h2x2 +rh3x3 + . ..I (18) 

The type code signifying a BEND is 4.0. The input format for a 

TRANSPORT/360 calculation is: 
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Label (not to exceed 4 spaces) 

4.0 L. 8. n. ’ ’ ; 

If n is not included in the data entry, the program assumes it to 

be zero. A B entry for a second order calculation is made via the 

16. 1. element. (Do Not confuse this B with a pole-face rotation) 

The standard units for L. and B. are Meters and KG. If desired, 

these units may be changed by 15. 8. and 15. 9. type code entries 

preceding the BEAM Card. 
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~IUADRllPOLE Type Code 5.0 

A quadrupole provides focusing in one transverse plane and 

defocusing in the other. 

There are four parameters to be specified for a TRANSPORT 

calculation: 

1 - Type Code 5. (specifying a quadrupole). 

2 - (effective) magnet length L (in meters). 

3 - Field at pole tip B (in KG). A positive field implies 

horizontal focusing; a negative field, vertical 

focusing. 

4 - Half-aperture a (in cm). Radius of the circle tangent 

to the pole tips. 

The strength of the quadrupole is computed from its field, aperture 

and length. The horizontal focal length is printed as output; a 

positive focal length indicates horizontal focusing and a negative focal 

length indicates horizontal defocusing. 

The type code for a QUAD is 5.0. The input format for a typical 

data set is: 

1 

Label (if desired) not to exceed 4 spaces 

between quotes 

5.0 L. R. a. ’ ’ ; 

The data may be entered in FREE FIELD format. The standard 

TRANSPORT/360 units for L. B. and a. are Meters, KG, and ems 

respect i vel y. if other units are desired they must be chosen via the 

appropriate 15. type code entries preceding the BEAM (Type Code 1.1 

card. 

1 
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cos kqL 
1 
k sin kqL 

ccl 

-kq sin kqL cos kqL 

0 0 

0 0 

0 

0 

1st ORDER 
QUADRUPOLE MATRIX 

0 

0 

cash kqL b sinh kqL 
g 

kq sinh kqL cash kqL 

0 

0 

These elements are for a quadrupole which focuses in the horizontal 

(x1 plane (B positive). A vertically (y plane) focusing quadrupole (II 

negative) has the two partial matrices interchanged. 

Definitions: L = the effective length of the quadrupole 

a = the radius of the aperture 

B = the field at radius a 

where (Bp) = the magnetic rigidity (momentum) of the central 

trajectory. 
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TRANSFORM 1 UPDATE* Type Code 6. 0. 1. 

To provide a facility for updating TRANSFORM 1 (the product of the R 

matrices, Rl) use Type Code 6.0. Thus a (6. 0. 1. ;I forces an 

update of the Rl matrix and initiates the accumulation of a new product 

matrix initialized from the point of the update. This facility is 

useful in conjunction with misaligning a set of magnets or fitting only 

a portion of a system. 

The complete list of elements which update TRANSFORM 1 is: 

1) The (6. 0. 1. ;I entry 

2) Any fitting constraint imposed upon the beam (sigma) matrix 

(See Type Code 10. for a discussion of this) 

3) A misalignment Type Code 8.0 entry 

4) A beam Type Code 1.0 entry 

A TRANSFORM 1 matrix will be printed at any position in the data 

set where a (13. 4. ;I entry is inserted. 

See the following section for the introduction of an.auxiliary 

transformation matrix R2 (TRANSFORM 2) to circumvent the problems 

arising from TRANSFORM 1 updates. 

* BY “upda t i ng” we mean initiating a new starting point for 
the accumulation (multiplication) of the R matrix. i.e. 
at the point of update, the R matrix is assumed to he 
reset to the unity matrix and all previous accumulations 
are forgotten. 
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AUXILIARY TRANSFORMATION MATRIX CR21 Type Code 6. 0. 2. 

To circumvent the difficulties caused by frequent beam updates and 

consequent redefinition of the cumulative transformation matrix, Rl, 

provision has been made for introducing an independent transformation 

matrix, the R2 matrix. 

This matrix is not normally accumulated, and must be introduced by 

defining: its starting point with a (6. 0. 2. ;I card. This variant of 

the Type 6.0 code also serves to redefine the startin!: point of the R2 

matrix (update it) when desired, 

R2 has no effect upon the BEAM (sigma) matrix as does Rl nor do any 

constraints imposed upon the BEAM (si.Tma) matrix react upon it. It is 

solely a convenience for the user. It may be printed by a (13. 24. ;) 

entry. Any components of R2 may be constrained by a Type Card 10. entry 

with code digits: -(i + 20.1 and j. 

For example, 10. -1. 2. 0. .Ol ; and 10. -21. 2. 0. .Ol ; 

are identical constraints applied to the Rl and R2 matrices, 

respectively, 

R2 is updated by a beam (1.1 element, provided R2 has been 

introduced, but by no other elements. No provision has been made for 

suppressing R2 once it is introduced. 

1 
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SHIFT IN THE BEAM CENTROID Type Code 7.0 

Sometimes it is convenient to redefine the BEAM centroid** such that 

/ it does not coincide with the TRANSPORT reference trajectory. Provision 

has been made for this possihility via Type Code 7.0. Seven parameters 

are required: 

l- Type Code 7. 

(2 to 7)- the coordinates x, 8, y, Cp, 1, and d defining the initial 

conditions of the new beam centroid with respect to 

the reference trajectory. The units for x, 8, y, <p, 1, d 

are the same as those chosen for the beam (Type Code 1.0 

entry), normally cm, mr, cm, mr, cm, and percent, 

Only the beam (a) matrix is affected by this code. The 

transformation matrices Rl and R2 are unaffected. 

In order for this code to function properly, the initial BEAM entry 

(Type Code 1.0) must have a non-zero phase space volume. 

e.g. a 

1. 0 0 0 0 0 0 P(O). ; 

beam entry is not permissible when calculating a shift in the 

beam centroid; whereas a 

1.0 1. 1. 1. 1. 1. 1. P(O). ; 

entry (finite phase volume) will work. 

** By “Beam Cent ro i d” we mean the center of the beam ellipsoid. 
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MAGNET AL I GNMENT TOLERANCES Type Code 8.0 

The misalignment of a magnet to first order affects only the 

centroid of the beam. Two situations are commonly encountered: the 

magnet is displaced and/or rotated by a known amount; or the actual 

position of the magnet is uncertain within a given tolerance. Both 

these effects may he simulated through use of the ‘align’ element. 

There are eight parameters to be specified: 

l- Type Code 8. (specifyin,? alignment). 

2 - the magnet displacement in the horizontal direction (cm). 

3 - a rotation about the horizontal axis (mr1. 

4 - a displacement in the vertical direction (cm>. 

5 - a rotation about the vertical axis (mr1. 

6 - a displacement in the beam direction (cm). 

7 - a rotation about the beam direction (mr1. 

8 - a three digit code number (defined below) 

specifying the type of misalignment. 

The coordinate system employed is that to which the beam is referred 

at the point it enters the magnet. For example, a rotation of a bending 

magnet about the beam direction (parameter 7 above) is referred to the 

direction of the beam where it enters the magnet. The units employed 

are the standard TRANSPORT units shown above unless redefined by Type 

Code 15. entries. If the units are changed, the units of the 

misalignment displacements are those determined by the 15. 1. type 

code entry; the units for the misalignment rotations are those 

determined by the 15. 2. type code entry. 
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Only the misalignments of bending magnets or quadrupoles may be 

simulated. The Type Code 8.0 align element(s) must directly follow the 

magnetic element(s) to be misaligned. 

When the actual position of the magnet(s) is uncertain within a 

given tolerance, the BEAM card entry at the beginning of the system 

should correspond to a zero phase space input, i.e., the BEAM card 

should appear as follows: 

1.0 0. 0. 0. 0. 0. 0. P(O) ; 

The phase ellipse printouts following the misalignment will then 

possess a finite phase volume which represents the uncertainty in the 

position of the beam centroid resulting from the uncertainty in the 

knowledge of the positioning of the magnet(s). 

iJhen the misalignment is a known amount, the BEAM card entry at the 

beginning of the system should possess a non-zero phase volume. (e.g. a 

1.0 1. 1. 1. 1. 1. 1. P(O). ; 

Is a permissible Type Code 1.0 entry.) 

The beam centroid printouts following the mlsalignment will then 

show a definite shift in the position of the beam centroid resulting 

from the misalignment of the magnet(s). 
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An align element updates the BEAM (sigma) matrix and the Rl matrix 

but not the R2 matrix. 

The following three digit code numbers provide several alternative 

misalignment situations: 

A. The units position distinguishes between a single type code 

entry and a set of entries: 

CODE 

NUEIBE R 

xxo. 

XXl. 

I NTERPRETAT I Oh 

In this case, the 0 means that the information contained 

on the align card refers only to the single magnet (type code 

entry) immediately preceding it. 

Nith this option the 1 means that all of the type code 

elements since the last Rl matrix update (a BEAM CARD entry, 

a constraint upon the BEAM (sigma> matrix or a 6. 0. 1. ; 

type code entry) are treated as a unit and the misalignment 

information on the card is applied to the unit as a 

whole, This option should be used for the misalignment of 

a bending magnet when fringing-fields or pole face 

rotations (Type Code 2.0) are included. See Examples 

1 and 2 below for an illustration of this. Only one 

bending magnet may be included in the array. Another 

example of the use of this option is in the misalignment 

of an array of quadrupoles. By successive application of 

align elements, for example, the elements of a quadrupole 

doublet could be misaligned relative to each other and 

then the doublet as a whole could be misaligned. 
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xx2. With this option the 2 means that all of the type code 

elements since the last R2 matrix update (a 6. 0. 2. ; type 
4 

code entry) are treated as a unit. This code digit, for 

example, is necessary for studying misalignment of quadrupole 

triplets and other combinations involving more than two 

quadrupole magnets. It makes use of the fact that the 

R2 matrix remains unaffected by the usual update codes. 

B. The tens position defines the system axis along which the 

succeeding magnets are positioned: 

x0x. The 0 means they are positioned along the same axis as 

if the magnet were not displaced. 

x1x. The 1 means they are positioned along the axis defined 

by the magnetic axis of the displaced magnet. 

For i ns tance, if a quadruoole is rotated, the remainder of the 

system may be left alone (X0X.1 or rotated with the quadrupole X1X. 

C. The hundreds position distinguishes between an uncertainty in 

position (0Xx.1 or a known displacement (1Xx.1. 

Any combination of digits may be used to define the exact 

circumstances intended. Thus, code 111. (= 1. + 10. + 100.1 indicates 

the deliberate displacement of a set of magnets and the remainder of the . 

system (referred to the point the beam enters the set). Code 101. would 

leave the remainder of the system alone. 
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Typical code numbers for magnet alignment tolerances might be: 

Code Number 

000. 

001. 

002. 

100. 

101. 

102. 

1 

Interpretation 

The reference trajectory is unchanged. Only 

the preceding magnet is misaligned 

and by an uncertain amount (but 

within the specified tolerances). 

The reference trajectory is unchanged. All 

magnets (type code entries) between the last 

Rl matrix update and the Type Code 8. entry are 

misaligned by an uncertain amount (but within 

the specified tolerances). 

Same as above except replace Rl with R2 in the 

statement 

The reference trajectory is unchanged. Only 

the preceding magnet is misaligned by the 

specified amount. 

The reference trajectory is unchanged. All 

magnets between the last Rl matrix update and 

the type code 8 entry are misaligned by the 

specified amount. 

Same as above except replace Rl with R2 in the 

statement 
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111. The axis of the misaligned magnet(s) is the 

new reference trajectory for all subsequent 

magnets. All magnets between the last Rl matrix 

update and the type code 8 ali:nment entry are 

misaligned by the specified amount 

The tolerances may he varied. Thus, type-vary code 8.111111 

permits any of the six parameters (2 through 7 above) to be adjusted to 

satisfy whatever BEAM constraints may follow. (See the section under 

Type Code 10. for a discussion of the use of vary-codes.) 

Example Vo. 1: A misaligned bending magnet -_ ._ ._ 

A bending magnet (including fring i ng-f 

a known amount might he represented as follows : 

ields 

3.0 L(1). ; 

6. 0. 1. ; 

> misaligned by 

2.0 0.0 ; 4.0 L. B. n. ; 2.0 0.0 ; 

8.0 0.0 0.0 0.0 0.0 0.0 2.0 101. ; 

3.0 L(2). ; 

This represents a known rotation of the bending magnet 

about the incoming beam direction (z-axis> by 2.0 mr. The resul t of 

this misali,gnment will be a definite shift in the beam centroid. The 6. 

0. 1. ; transform 1 update is necessary 

0.0 ; entr ies before and after the bend I 

because of the use of the 2.0 

ng magnet. The code number 
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XXl. is required because the magnetic array (bending magnet + 
i 

fringing-fields) consists of three type 

Examole No. 2: A misal i gned bend 1 ntz mamet 

A bending magnet 

angular positioning about the 

represented as follows: 

having an 

incoming beam (z-axis) would be 

3.0 L(1) ; 

6. 0. 1. ; 

2.0 0.0 ; 4.0 L. B. 

8.0 0.0 0.0 0.0 0.0 

3.0 L(2) ; 

uncertainty of 2 mr in its 

code elements instead of one. 

n. 

0.0 

; 2.0 0.0 ; 

2.0 001. ; 

The result of this misalignment will be an uncertainty in 

the knowledge of the outcoming beam centroid - hence to observe this, 

the input Beam Card should have zero phase space volume as follows: 

1 .o 0. 0. 0. 0. 0. 0. P(O) ; 
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Example No. 3: A misaligned quadrupole triplet 

One typical use of the R2 matrix is to permit the 

misalignment of a triplet. For example, an uncertainty in the position 

of the following triplet 

5. 1. -8. 10. ; 

5. 2. +7. 10. ; 

5. 1. -8. 10. ; 

may be induced by appropriate 8. elements as noted. 

6. 0. 2. ; 

5. 1. -8. 10. ; 

6. 0. 1. ; 

5. 2. +7. 10. ; 

5. 1. -8. 10. ; 

g. m-m --- --- --- --- --- 000. ; 

8. -em w-w -mm w-w --- --- 001. ; 

8. w-w -w- m-w --- --- --- 002. ; 

The first 8. card in the list refers to misalignment of the third 

magnet only. The second 8. refers to misalignment of the second and 

third magnets as a unit via the Rl matrix update (the 6. 0. 1. ; entry). 

The last 8. refers to misalignment of the whole triplet as a unit via 

the R2 matrix update (the 6. 0. 2. ; entry). 

The BEAM card (Type Code 1.0 entry) should have zero phase space 

volume as shown in Example 2 above. 
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REPETITIOY Type Code 9.0 

!lany systems include a set of elements that are repeated several 

times. To minimize the chore of input preparation, a ‘repeat’ facil 

has been acIded. 

There are two parameters: 

1 - Type Code 9. 

2 - code digit. If non-zero, it states the number of 

repetitions desired from the point it appears. If 

zero it marks the end of a repeating unit. 

i ty 

For example, a total bend of 12 degrees composed of four 3-degree 

bending magnets each separated hy 0.5 meters could be represented by 

9.0 1). ; 4. --- ; 3. .5 ; 9. 0. ; Those elements (in this case a 

b)end and drift) between the 9. 4. ; and 9. 0. ; would he employed 

four times. 

There is no indication of the 9. cards in the printed TRArlSPORT 

output, save the repeated listing of the elements they control. ‘!a ry 

codes may be used within a repeating unit in the usual fashion. 

Repeat cards may be nested four deep. By “nest i ng” we mean a repeat 

within a repeat. An example is given below. 

1 
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Exa:vple of Nesting: 

9. 2. ; 

3. 10. ; 

9. 3. ; 

3. 20. ; 

9. 4. ; 

3. 50. ; 

3. 0. ; 

3. 0. ; 

3. 1.5 ; 

!J . 0. ; 

t 

Inner 
Block 

Next 
Inner 

_ Block 

Ttie total length of this sequence is: 

2*(10. + 3*(20 + 4* 50) + 1.5) = 1343. 

Outer 
_ Blozk 

9-2 



FIRST-ORDER VARY CODES AND FITTING CONSTRAINTS 

Type Code 10. 

TRANSPORT/360 has the capability to vary some (not all) of the 

physical parameters of the elements comprising a beam transport system 

in order to fit selected matrix elements of either the Rl or R2 

transformation matrices or the BEAM (sigma> matrix to prescribed values. 

Special constraints are also available. The physical parameters to be 

varied are selected via ‘Vary Codes’ attached to the Type Codes of the 

elements comprising the system; and the fitting constraints imposed upon 

the R and/or IS matrix elements are selected via Type Code 10. entries 

made at the location in the system where the constraint is to be 

imposed. 

Vary Codes 

Associated with the physical elements comprising a system is a vary 

code which specifies which physical parameters of the element may be 

varied. This code occupies the fraction portion of the type code 

specifying the element. It has one digit for each parameter, the digits 

having the same order in the code as the physical parameters have on the 

card. A ‘0’ indicates the parameter may not he varied; a ‘1’ that it 

may he. For instance, 3.0 is the combined type{31 and vary code(O) for 

a drift length which is to remain fixed; 3.1 indicates a drift length 

that may be varied (by the virtue of the .l). The type code 4.010 

indicates a bending magnet with a variable magnetic field. In punching 

the code 3.0, the zero need not be punched. In punching the 4.010 code, 

the first zero must he punched but the second zero need not be. 

10-l 



The following parameters may be varied (0 or 1 may he placed in 

positions marked v; only 0 may be placed in positions marked 0): 

BEAM.... l.VVVVVV - all components of the input beam may 

be varied. 

ROTAT... 2.v - the pole-face angle of a bending magnet may be 

varied. 

DRIFT... 3.v - the drift length may be varied. 

BEND.... 4.0~~ - the length may not be varied; the field (first VI 

and/or the n-value (second VI may be varied. 

QUAD.... 5.~~0 - the length may be varied; the field may be, 

the aperture may not be. 

ALIGN.. . . 8.vvvvvvO - any of the alignment parameters may 

be varied. 

MATRIX.... 14.vvvvvvo - any of the matrix elements may be 

varied. 

SOLENOID.... 19.vv - the length and/or field may be varied. 

REAM ROTATION.... 20.~ - the angle of rotation may be varied. 

The use of the permissive ‘may’ rather than the imperative ‘will’ in 

discussing variables is meaningful. The program will choose the 

parameters it will vary from among those that it may vary. In general 

it chooses to vary those parameters that have the greatest influence 

upon the conditions to be fit. 

10-2 



Couoled Vary Codes 

It is possible to apply the same correction to each of several 

variables. This may be done by replacing the digit 1 in the vary code 

with one of the digits 2 through 9. All variables whose vary digit has 

one of these values (and appears in the same position within the vary 

code) will receive the same correction. For example, the three 

type-vary codes (5.02, 5.01, 5.02) might represent a symmetric triplet. 

The same correction will be made to the first and third quadrupoles, 

guaranteeing that the triplet will remain symmetric. Variables whose 

vary digits appear in different positions will not be tied together (the 

vary digit positions are completely independent). Thus, the codes 

(8.666666, 3.6) apply the same correction to the drift length as to the 

horizontal misalignment, but do not restrict the six misalignment 

parameters with respect to each other. (Such a combination would never 

arise in practice.) 

If the vary digit 9 is used, the correction associated with the vary 

digit 4 will he subtracted rather than added to this variable. Thus, 

the type-vary codes (3.4, 5.01, 3.9) will slide the quadrupole back and 

forth within a prescribed drift length, hut will not change the total 

drift length. The vary digits (8 and 3), and (7 and 2) are coupled in a 

similar manner as are (9 and 4). This option may not be used with Type 

Code elements 1. or 8. 

The total number of independent variables in a run is limited to 10 

by reasons of the mathematical method of fitting. So far as this limit 

is concerned, variables that are tied together count as one variable. 

Also note that variables within repeat elements (Type Code 9.1 count 

only once. 
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Rl MATRIX FITTING CONSTRAINTS 

There are five parameters to be specified when imposing a constraint 

upon the (i, j> element of an Rl matrix. 

l- Type Code 10. (specifying that a fitting constraint 

follows) 

2 - code digit t-i). 

3 - code digit (1). 

4 - desired value of the (i, j) matrix element. 

5 - desired accuracy of fit (standard deviation). 

Some typical Rl matrix constraints are as follows: 

Desired Optical Condition Typical Fitting Constraint 

point to point focus: 

Radial plane R(12) = 0 10. -1. 2. 0. .OOOl ‘Fl’ ; 

Transverse plane R(34) = 0 10. -3. 4. 0. .OOOl ‘F2’ ; 

‘parallel ’ to point focus: 

Radial plane R(11) = 0 10. -1. 1. 0. .OOOl 'F3' ; 

Transverse plane R(33) = 0 10. -3. 3. 0. .OOOl 'F4' ; 

achromatic beam: 

Radial plane R(16) = R(26) = 0 10. -1. 6. 0. .OOOl ‘F5’ ; 

10. -2. 6. 0. .OOOl ‘F6’ ; 

Note that any fitting constraint on an Rl matrix element is from the 

preceding update of the Rl matrix. An Rl matrix is updated by a (6. 0. 

1. ; ) entry or by any fitting constraint imposed upon the U(beam) 

matrix. 
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R2 MATRIX FITTING CONSTRAINTS 

There are five parameters to be specified when imposing a constraint 

upon the (i, j> element of an R2 matrix. 

l- Type Code 10. 

2 - Code digit -(20 + i). 

3 - Code digit (f). 

4 - desired value of the (I, j> matrix element. 

5 - desired accuracy of fit (standard deviation). 

Some typical R2 matrix constraints are as follows: 

Desired Optical Condition Typical Fitting Constraint 

point to point focus: 

Radial plane R(12) = 0 10. -21. 2. 0. .OOOl 'Fl' ; 

Transverse plane R(34) = 0 10. -23. 4. 0. .OOOl ‘F2’ ; 

‘parallel’ to point focus: 

Radial plane Rtll) = 0 10. -21. 1. 0. .OOOl 'Fl' ; 

Transverse plane R(33) = 0 10. -23. 3. 0. .OOOl 'F2' ; 

achromatic beam: 

Radial plane R(16) = RI261 = 0 10. -21. 6. 0. .OOOl 'F3' ; 

10. -22. 6. 0. .OOOl ‘F4’ ; 

Note that the R2 matrix is updated by a (6. 0. 2. ;I type code entry 

on1 y. 
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atBEAM) MATRIX FITTING CONSTRAINTS 

There are five parameters to be specified when imposing a constraint 

upon the (i, j) element of a o(BEAM) matrix. 

1 - Type Code 10.n 

2 - Code digit (iI. (i >/j) 

3- Code digit <j). 

4 - desired value of the (i, j> matrix element. 

5 - desired accuracy of fit (standard deviation). 

(n) is normally zero or blank. If n = 1, then entry 4 is taken to 

he a lower limit on the matrix element. If n = 2, entry 4 is taken to 

Se an upper limit. If i = j, then the value inserted in entry 4 is the 

desired beam size (a(ii)> 'I2 e g Xtmax) = (U(ll)) v2 
, l etc. 

IJote: 

Any constraint imposed upon the a(BEAb1) matrix has an important 

side effect, it always updates the Rl matrix (but not the R2 matrix) 

the location where the constraint is imposed. . 

Some typical 0 matrix constraints are as follows: 

at 

I Desired Optical Condition 

Beam Wa i s t 

Radial Waist a(211 = 0 

Transverse Waist U(43> = 0 

Fit Beam size to X(max) = lcm 

Fit Beam size to Y(max) = 2cm 

Limit Max beam size to X = 2cm 

Liwit Min beam size to Y = lcm 

Typical Fitting Constraint 

10. 2. 1. 0. .OOl 'Fl' ; 

10. 4. 3. 0. .OOl 'F2' ; 

10. 1. 1. 1. .OOl 'F3' ; 

10. 3. 3. 2. .OOl 'F4' ; 

10.2 1. 1. 2. .Ol 'F5' ; 

10.1 3. 3. 1. .Ol 'F6' ; 

10-6 



In general, it will be found that achieving a satisfactory ‘beam’ 

fit with TRANSPORT is more difficult than achieving an R matrix fit. 

When difficulties are encountered, it is suggested that the user ‘help’ 

the program by employing sequential (step by step) fitting procedures 

when setting up his data set. More often than not a “failure to fit” is 

caused by the user requesting the program to find a physically 

unrealizable solution. 
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System Length Constraint 

A running total of the lengths of the various elements encountered 

is kept by the program and may be fit. The code digits are i = O., 

j = 0. 

Thus the element (10. 0. 0. 150. 5. ; 1 would make the length of the 

system prior to this element equal to 150 + 5 meters. Presumably there 

would be a variable drift length somewhere in the system. By redefining ’ 

the cumulative length via the (16. 6. L. ;> element, partial system 

lengths may be accumulated and fit. 
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AGS Machine Constraint* 

Provision has been made in the program for fitting the betatron 

phase shift angle, p, associated with usual AGS treatment of magnet 

systems. 

In the horizontal plane: use code digits i = -ll., j = 2. and 

specify: 

A = & ,os-~ IO.5 (RI1 + Rp2 = k (horiz) 

= freq/(no. of periods). 

In the vertical plane: i = -13., j = 4., and 

A = & cos-l 0.5 (Rj3 + Rb4)] = & (vex%> I 

For example, if there are 16 identical sectors to a proposed AGS 

machine and the betatron frequencies per revolution are to be 3.04 and 

2.14 for the horizontal and vertical planes respectively, then the last 

element of the sector should be followed by the constraints: 

10. -11. 2. .190 .OOOl ; 

10. -13. 4. .134 .OOOl ; 

3.04 i.e. 16 = 0.190 and ,G = 0.134 

* See Courant and Snyder “Theory of the Alternating-gradient 
synchrotron”, Annals of Physics 3; ~~1-48 (1958). 
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For example: A typical data listing might be: 

9.0 16.0 ; 

5.01 --- ; 

3.0 --- ; 

5.01 --- ; 

10. -11. 2. 0.190 .OOOl ; 

10. -13. 4. 0.134 .OOOl ; 

9.0 0.0 ; 
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First Moment Constraint 

Misalignments and second order effects cause the center (centroid) 

of the phase ellipsoid to be shifted from the reference trajectory, 

i.e., they cause the beam to have a non-zero f i rst moment. The first 

moments appear in a vertical array to the left of the vertical array 

which give the$(ii)‘s The units of the corresponding quantities 

are the same. 

It is perhaps helpful to emphasize that the origin always 1 ies on 

the reference trajectory. First moments refer to this origin. However, 

the ellipsoid is defined with respect to its center, so the covariance 

matrix, as printed, defines the second moment about the mean. 

First moments may be fitted. The code digits are i = 7. and j, 

where j is the index of the quantity being fit. Thus 10. 7. 1. .l .Ol ; 

constrains the horizontal (1.1 displacement of the ellipsoid to be 

0.1 + 0.01 cm. 

This constraint is useful in deriving the alignment tolerances of a 

system or in warning the system designer to offset the element in order 

to accommodate a centroid shift. 

1 
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Internal Constraints 

A set of upper and lower bounds on the value of each type of 

parameter is in the memory of the program. If a correction is computed 

for a parameter which would take its value outside this range, it is 

reset to the 1 imit of the range, ani? a constraint constructed to keep it 

within range. The current 1 imits are: 

Type Code Limits 

3.0 0.1 < drift < 1000 cm> 

5.0 . 01 < quad length < 10 (m) 

5.0 -14 < quad field < 14 (kg) 

4.0 -20 < bend field < 20 (kg) 

4.0 -500 < bend gradient < 500 

2.0 -60 < pole-face rotation < 60 (deg> 

8.0 -1 < al ignment displacement < 25 (cm) 

8.0 -50 < alignment rotation < 50 (mr) 

1.0 0.01 < input beam < 1000 (for all parameters) 

20.0 -360 < beam rotation < 360 (deg) 

These limits apply only when a parameter is being varied. Fixed values 

that exceed this range may be used as desired. 

These constraints were included to avoid physically meaningless 

solutions. iioweve r, they are rather ineffective since systems that 

require values outside these limits usually have some basic desi?n 

difficulty. 

The 1 imits are not adjusted for different input units. So if drift 

lengths are expressed in inches, the effective limits are 0.1 < drift 

< 1000 (in.) etc. 
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ACCELERATION Type Code 11.0 

An energy gain is reflected in both the divergence and the width of 

the heam. This element provides a simulation of a traveling wave linear 

accelerator energy gain over a field free drift length. (i.e. no 

externally applied magnetic field) 

There are five parameters: 

l- Type Code 11. 

2 - accelerator length (meters). 

3 - energy gain (GeV). 

4 - Cp (phase lag in degrees). 

5 - h (wavelength in ems). 

The new beam energy is printed as output. 

The energy of the reference trajectory is assumed to increase 

linearly over the entire accelerator length. If this is not the case, 

1 may be constructed by combining separate 11. an appropriate mode 

elements. An 11. e 

drift length. 

lement with a zero energy gain is identical to a 

Ilone of the parameters may he varied. 

Second order matrix elements have not been incorporated in the 

program for the accelerator section. 

1 
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ACCEPTOR SECTION MATRIX 
- 

1 

0 

0 

0 

0 

0 
- 

Eo 
E. + mcosq 

0 

0 

0 

0 

0 

0 

0 

0 

EO 

E + BcosrP 
0 

0 

0 

0 

(p&( ) 
a-c 
x 

0 

0 

0 

0 

0 

EO 

E. + KkoscP 

Definitions: 
L = effective length of accelerator sector 

EO 
= particle energy at start of sector 

&fJ= energy gain over sector length 
V = phase lag of the reference particle behind the crest of the accelerating wave. i.e., if 

Cp is positive then for some z> 0 the particles having this value are riding the crest of 
the wave. The units of Cp are degrees. 

A = wave length of accelerating wave. The units of A are those of z (normally cm). 
This matrix element assumes that E. >> moc2 (fully relativistic). 



BEAM (ROTATED ELLI PSEI Type Code 12.0 

To allow the output beam from some point in a system to become the 

input beam of some succeeding system, provision has been made for 

t-e-entering the correlation matrix which appears as a triangular matrix 

in the beam output. (See section under Type Code 1.0 and/or the 

appendix for definitions.) 

There are 16 parameters: 

l- Type Code 12. 

2 to 16 - the 15 correlations (r(ij)‘s) among the 6 beam 

components - in the order printed (by rows). 

Several cards may be used to insert the 15 correlations, if 

necessary. 

Since this element is solely an extension of the beam input, a 12. 

element must be preceded by a 1. (beam) element entry. 
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OUTPUT PRI NT CONTROL I I\JSTRUCT I ONS Type Code 13.0 

A number of control codes which transmit output print instructions 

to the program have been consolidated into a single type code: 

There are two parameters: 

l- Type Code 13. 

2 - code number. 

The effects of the various code numbers will be described below (not in 

numerical order). 

PRINTED OUTPUT CONTROLS l., 2., 3.) 4., 24. 

Several codes are available to control various aspects of the 

printed output. Most type codes produce a line of output that 

advertises their existence. Those that do not, usually have an obvious 

effect upon the remainder of the output and thus make their presence 

clear. 

(13. 2. ;I: This code instructs the program to suppress the 

printing of the beam (U) matrix. 

(13. 1. ;>: This code temporarily overrides the (13. 2. ;I suppress 

code. It causes a single beam matrix to be printed at that point in the 

system. 

(13. 3. ;I: This code permanently overrides the (13. 2. ;I suppress 

code and restores the normal code in which every beam matrix is printed. 

(13. 4. ;I: This code instructs the pro.e;ram to print the current 

transformation matrix Rl (TRANSFORM 1). If the program is computing a 

second order mat r i x, this second order transformation matrix will he 

included in the print out. This matrix is cumulative from the last Rl 

(TRANSFORM 1) update. The units of the elements of the printed matrix 
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are consistent with the input units associated with the Type Code 1. 

(BEAl?) entry. 

(13. 24. ;): This code causes the TRANSFORH 2 matrix, R2, to be 

printed. The format and units of R2 are identical with those of Rl 

which is printed by the (13. 4. ;I code. The calculation of the R2 

matrix is started by a 6. 0. 2. ; entry (see Type Code 6.1. 

The units of the tabulated matrix elements in either the 1st order R 

or sigma matrix or second order T matrix of a TRAfJSPORT printout will 

correspond to the units chosen for the BEAM card. For example, the 

R(12) = (x/0> matrix element will have the dimensions of cms/mr; and the 

T(236) = (8/y6> matrix element will have the dimensions mr per cm per 

percent AP/P and so forth. 

PUNCHED OUTPUT CONTROLS 29, 30, 31, 32, 33, 34, 35, 36 

If the control is equal to 29, all of the terms in the first order 

matrix and the x and y terms of the second order matrix are punched. 

If the control is equal to 30, al 1 of the terms of the first order 

matrix and all second order matrix elements are punched out. 

If the control, n, is greater than 30, all of the first order terms 

are punched and the second order matrix elements which correspond to 

(n-30.) i.e., if n = 32, the second order theta matrix elements are 

punched out. If n = 31, the second order X matrix elements are punched 

and so forth. 
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ARB I TRARY TRANSFORMATI ON INPUT Type Code 14.0 

To allow for the use of empirically determined fringing fields and 

other specific (perhaps non-phase-space-conserving) transformations, 

provision has been made for readlng in an arbitrary transformation 

matrix. The first-order 6 X 6 matrix is read in row by row. 

There are eight parameters for each row of a first-order matrix 

entry: 

1 - Type Code 14. 

2to 7- the six numbers comprising the row. The units must be 

those used to print the transfer matrix; in other words, 

consistent with the BEAM input/output. 

8- row number (1. to 6.1 

A complete matrix must be read and applied one row at a time. Rows 

that do not differ from the unit transformation need not be read. 

For example, (14. -.l .9 0. 0. 0. 0. 2. ; 1 introduces a 

transformation matrix whose second row is given but which is otherwise a 

unit matrix. Note that this transformation does not conserve phase 

space because R(22) = 0.9 i.e. the determinant of R $ 1. 

Any of the components of a row may be varied; however, there are 

several restrictions. 

Type Code 14. elements that immediately follow one another will all 

he used to form a single transformation matrix. If distinct matrices 

are desired, another element must he inserted to separate the Type Code 

14. cards. Several do-nothing elements are available; for example, a 

zero length drift (3. 0. ;I is a convenient one. 

7 
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Note that 

Ii e n c e , a matrix formed by successive 14. (3. 0. ; I, 14. - elements is 

not always equal to the one formed by 1eavin.g out the (3. 0. ; > 

element. 

If components of a 14. card are to be varied it must be the last 14. 

card in its matr ix. This wil 

if more than one row has vari 

If it is des i red to read 

the i th row, then the following 22 additional nurnhers may be read in:** 

9 - continuation Code 0. 

1 force a matrix to be split into factors 

able components. 

in the second-order matrix coefficients for 

10 to 30 - the twenty-one coefficients: 

T(il1) T(i12) T(i13) T(i14) T(i15) T(i16) 

T(i22) T(i23) T(i24) T(i25) T(i26) T(i33) 

T(i34) T(i35) T(i36) T(i44) T(i45) T(i46) 

T(i55) T(i56) T(i66) 

in that order, where i is the row number. It is 

necessary to read in the first order matrix row which 

corresponds to the second order matrix row being 

read in. 

**This feature frees the user from making repetitive, expensive, 
second-order runs through a fixed portion of his system while 
experimenting with other magnets. This is done by reading the full 
matrix of this portion (obtained from a previous run> hack into the 
machine as a single “arbitrary matrix.” 
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As in the first-order case, full rows not different from the identity 

matrix (i.e., R(ii) = 1, all other R(ij) = 0, and all T(ijk) = 0) need 

not be read in. 
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IFIPUT - OUTPUT UNITS Type Code 15.0 

TRANSPORT is designed wi th a standard set of uni ts that have been 

used throughout this manual. However, to accommodate other units 

conveniently and to rel ieve certain parameter-fitting problems, 

provision has been made for redefining the units to be employed. This 

Is accomplished with the following type code elements. 

There are 4 parameters to be specified: 

l- Type Code 15. 

2 - code digit 

3 - the abbreviation of the unit. (see examples below) 

This will be printed on the output listing. It 

must be enclosed in single quotes and is a maximum of 

3 characters long (4 for energy). 

4 - the scale factor (if needed) that multiplies a 

parameter expressed in the new units to convert 

it to the appropriate reference unit. The examples 

and tables helow should clarify this point. 
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The various units that may be changed are: 

Code Standard Symbols used 
Digit Quantity Reference Unit in SLAC-75 

1. horizontal and vertical cm X,Y 

transverse dimensions 

2. horizontal and vertical mr @if 

angles 

3. vertical beam extent (only) cm Y 

4. vertical beam divergence mr cp 

(on1 y) 

5. pulsed beam length cm R 

6. momentum spread % (PC) 6 

7. undefined 

8. length (longitudinal 1 rneters (MI t 

9. magnetic fields kg F3 

10. mass electron mass m 

11. momentum GeV/c P(O) 

Units are not normally restored at the end of a run. Once changed, 

they remain the same for all succeeding runs in an input deck, unless 

specifically changed. The units may be reset to standard units at any 

time by inserting a (15. ;I Type Code entry. The 15. elements are 

normally the first cards in a deck, (immediately following the title 

card and the 0 or 1 indicator card) or perhaps the last cards--in the 

event units are being restored to avoid disturbing succeeding runs. 
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Exampl e : To change length to feet, width to inches, and momentum to 

MeV/c, add to the front of the deck the elements 

15. a. ’ FT’ 0.3048; 

15. 1. ' IN' 2.54; 

15. 11. ‘MEV’ 0.001; 

The scale factor, 0.3048, multiplies a length expressed in the new 

unit, feet, to convert it to the reference unit, meters etc. 

For the conventional units listed below, it is sufficient to stop 

with the label; (the conversion factor is automatically calculated by 

the program). If units other than those listed below are desired, then 

your label and the appropriate conversion factor must be included. If 

the automatic feature is used, there must be no blank spaces between the 

Quotes and the labels. 
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I :4PUT-OUTPUT UN I TS (Type Code 15.0 1 
CONVERSION FACTORS FOR DIMENSION CHANGES VS. CODE DIGIT AND LABEL 

LABEL CODE DIGIT 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 
‘CM’ 1. --- 1. -- i --- 1. o-0 -OS 

- I JJ1 1 ---I --..I o-0 

‘M’ 100. --- 100. --- 100. -00 o-0 1 1. 1 o-0 1 0-o ] o-0 
I I I I 

I ’ IN’ I 2.54 --- l I 2.54 --- l I 2.54 --- --- I I ,0254 --- --- --- 
I 

‘FT’ 30.48 --- 30.48 --- 30.48 --- --- -3048 o-o o-o o-o 

’ MM ’ .l --- .l --- J o-0 o-0 JO1 o-0 -00 o-0 

'R' o-o 1000. --- 10()(-j. o-0 o-0 o-0 o-0 o-0 -00 o-0 

'MR' o-o 1. --- 1. -00 o-0 -00 o-0 o-0 o-0 -o- 

‘PC’ --- --- --- --- --- 1. o-- o-0 o-0 o-0 o-0 

I ‘p/1()‘, --- , --- , --- , --- , --- ,1 0-0 -o- --- --- --- 

o-0 100. o-0 o-0 -00 o-0 o-0 I ’ N ’ I o-0 I o-0 I o-0 I I o-0 . 

‘KG’ o-o o-o o-o o-o o-o o-o o-o o-o 1, o-o o-o 

I 
‘G’ o-o o-o o-o o-o o-o o-o o-o o-o 

I I I I I I I I I .OOl I --- I --- I 



SPECIAL INPUT PARAMETERS Type Code 16.0 

A number of constants are used by the program which do not appear as 

parameters on any of the other type code element cards. A special 

element has been provided to allow the designer to set their values. 

These special parameter entries must always precede the physical 

element(s) to which they apply. Once introduced, they apply to al 1 

succeeding elements in a data set unless reset to zero or to new values. 

There are three parameters: 

l- Type Code 16. 

2 - code digit 

3 - value of constant 
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A number of such constants have been defined in this manner. All have 

a normal value that is initialized at the beginning of each run. 

Code Digit 

1. c (1) - a second-order measure of magnetic field 

inhomogeneity in hending magnets. If 

B(x) = B(O) [I -II(;) + o(F) - . . .] 

is the field expansion in the median 

(y = 0) plane). Then ~(1) (dimensionless) 

is defined as 

f (1) = 4(;)2 0 

3. 

evaluated at x = 1 (in units of horizontal 

beam width - normally cm.). This parameter 

affects second-order calculations only. 

Normally the value is 0. 

(M/m) - Mass of the particles comprising the beam, 

in units of the electron mass; normally 0. 

A non-zero mass introduces the dependence 

of pulse length on velocity, an important 

effect in low energy pulsed beams. 
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4. w/2 - Horizontal half-aperture of bending magnet, 

in the same units as horizontal beam width. 

normally 0. (i.e., effect of finite 

horizontal half aperture is ignored). 

5. 812 - Vertical half-aperture of bending magnet, 

in the same units as vertical beam height; 

this parameter must be inserted if the 

finite extent of the fringing fields upon 

transverse focusing is to be taken into 

account. (see Type Codes 2.0 and 4.0 

as a cross reference) normally 0. 

6. L - Cumulative length of system, in the same 

units as system length. It is set to zero 

initially, then increased by the length of 

each element, and finally printed at end 

of system. This element allows the 

cumulative length to he reset as desired. 

12. l/R1 - Where Rl is the radius of curvature (in 

units of longitudinal length, normally 

meters) of the entrance face of bending 

magnets. (See Fip,. 748A15 page 2-4) 

13. l/R2 - Where R2 is the radius of curvature (in 

units of system length such as meters) of 

the exit face of bending magnets. 

(See Fig. 748A15, page 2-4) 
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TRAJXCTORY 

FEL9 BCXTJARIES FOR BENDIhTtr MAGNETS 

The TRANSPORT sign conventions for x, 0, R and h are all positive BS shown in the figure. The positive 
y directTon is out of the psper. Posltlve 0's imply transverse focusing. Positive R's (convex curvatures) 

represent negative sextupole components of st-@h s (- = (See STAC-75, pge 72.ja 



Rl and R2 affect the system only in second-order, creating an 

effective sextupole component in the neighborhood of the magnet. If the 

parameters are not specif led, they are assumed to be zero, i.e., no 

curvature and hence no sextupole component. 

Programming for Fringe-Field Corrections to the Transverse Focal Length 

Insert: 16. 5. 812 element, then 

16. 7. k(l). [k(l) = l/2 if 16. 7. element is not 

inserted hut 16. 5. element is inserted. 1 
16. 8. k(2). k(2) = 0 if 16. 8. element is not 

inserted. 
I 

where 

1 
P = 

Y 
- 6 tan (/3-$I) 

and 

\c, = 1 + sin2 B 
cos $ kl ($) - k2 (y, 2 t&n/3]* 

Fringing-field corrections will only be made where the pole-face 

rotation element (2. 0. ; 1 has been inserted in conjunction with a 

bending magnet (4. . . . . element. 1 

* See SLAC-75, page 74 for a discussion of I,!J and a definition 
of k(l). 
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Typical values of kl and k2 are given below for three types of 

fringing field boundaries: 

a> a linear drop-off of the field. 

h) a clamped “Rogowski” fringing-field. 

and c> a “square-edged” non-saturating magnet. 

Mode 1 Linear Clamped Rogowski Square Edged Magnet 

kl l/6 0.3 to 0.4 0.45 

k2 3.8 4.4 2.8 
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Ti 1 t-to-Focal Plane (16. 15. cy. ;I element 

Very often it is desired to have a listing of the second order 

aberrations along the focal plane of a system rather than perpendicular 

to the optic axis i.e. along the x coordinate. If the focal plane makes 

an angl e alpha with respect to the x axis (measured clockwise) then 

provisi on has been made to rotate to this focal plane and print out the 

second-order aberrations. This is achieved by the following procedures: 

Alpha is the focal-plane tilt angle (in degrees) measured from the 

perpendicular to the optic axis (a, is normally zero). 

The programming procedure for a tilt in the x (bend)-plane 

(rotation about y axis) is: 

16. 15. CY. ; 

3. 0. ; (a necessary do-nothing element) 

13. 4. ; 

16. 15. -0.. ; (Rotate back to zero) 

3. 0. ; (a necessary do-nothing element) 

16. 15. 0. ; (to turn off rotation element) 
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The programming procedure for a tilt in the y-plane (rotation about 

x axis) is: 

16. 15. CY. ; 

20. 90. ; 

3. 0. ; 

20. -90. ; 

13. 4. ; 

16. 15. -CY. i (Rotate back to zero) 

3. 0. ; 

16. 15. 0. ; (to turn off rotation element) 
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SECOND ORDER CALCULATION Type Code 17.0 

A second order calculation may be obtained provided neither 

parameter fitting nor alignment elements are employed. A special 

element instructs the program to calculate the second order matrix 

elements. It must be inserted immediately following the beam (1. 

element). 

Only one parameter need be specified: 

l- Type Code 17. ; (signifying a 2nd order calculation is to 

be made) 

The values of the BEAM (sigma) matrix components may be perturbed 

from their first order value by the second order aberrations. To print 

out the second order T matrix terms at a given location in the system, 

the (13. 4. ;I print control card is used. The update rules are the 

same as those for the Rl first-order matrix. 

See SLAC-75 for definitions of subscripts in the second order T(ijk) 

matrix elements. 

Second-order matrices are included in the pro,grarn for quadrupole, 

bending magnets (including fringing-fields), sextupoles, and solenoids. 

They have not been calculated for the acceleration (Type Code 11.0) 

element. 
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SEXTUPOLE Type Code 18.0 

Scxtupole (Hexapole) magnets are used to modify second-order 

aberrations in beam transport systems. The action of a sextupole on 

beam particles is a second and higher order effect, so in first order 

runs (absence of the 17. card) this element will act as a drift space. 

There are 4 parameters: 

1 - Type Code 18. 

2 - effective length (meters). 

3 - field at pole tips (kg). Both positive and negative 

fields are possible (see figures below). 

4 - Yalf-aperture (cm). Radius of circle tangent to pole tips. 

Other orientations of the sextupole may be obtained using the beam 

rotation element (Type Code 20.1. None of the parameters of the 

sextupole may he varied since it is a second order element. 

See SLAC-75 for a tabulation of sextupole matrix elements. 

The TRANSPORT input format for a typical data set is: 

ahel if desired (not to exceed 4 spaces) 
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SOLENOID Type Code 19.0 

The solenoid is most often used as a focusing element in systems 

passing low energy particles. Particles in a solenoidal field travel 

id fr inging field effects necessary to he1 ical trajectories. The sol eno 

produce the focusing are included . 

There are three parameters: 

1 - Type Code 19.0 

2 - effective length of the solenoid (meters) 

3 - the field (kg). A positive field by convention points 

in the direction of positive z for positively charged 

particles. 

The length and the field may be varied by using 19.1 or 19.01 vary 

codes respectively. Both 1st and 2nd order matrix calculations are 

available for the solenoid. 

A typical input format is: 

I-- Label if desired (not to exceed 4 spaces> 

19. L. B. ’ ’ ; 
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1ST ORDER 

SOLENOID MATRIX ELEMENTS 

Solenoid R Matrix 

Definitions: L = effective length of solenoid 

K= B(0)/(2BP) where B(O) is the field 

solenoid and (BP) is the (momentum) 

Central Trajectory. 

c = cos KL 

S = sin KL 

ide the ins 

of the 

For a derivation of this transformation see SLAC-4 report by 

R. Helm. 

Alternate Forms of Matrix Representation of the Solenoid. 

R(Solenoid) = 

/ 
C2 

-KSC 

-SC 

KS2 

0 

0 

\ 

+sc 

C2 

- L$ 

-SC 

0 

0 

SC 

-KS2 

C2 

-KSC 

0 

0 

is' 

SC 

+SC 

C2 

0 

0 

\ 
0 

0 

0 

0 

0 

1 

/ 
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Rotating the transverse coordinates about the z axis by an angle = -KL 

decouples the x and y 1st order Terms, i.e. 

R(-KL) . RCSolenoid) = 

/ 

C 

-K! 

0 

0 

0 

0 

\ 

j(S 

C 

0 

0 

0 

0 
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BEAM ROTAT I ON Type Code 20.0 

The transverse beam coordinates x and y may be rotated through an 

angle CY ahout the z axis (the axis tangent to the central trajectory at 

the point in question).** Thus a rotated bending magnet, quadrupole, or 

sextupole may he inserted into a beam transport system by preceding and 

following the element with the appropriate coordinate rotation. (See 

examples below). The positive sense of rotation is clockwise about the 

nositive z axis. 

There are two parameters to he specified for a Beam Rotation: 

l- Type Code 20. (signifying a beam coordinate rotation) 

2 - the angle of rotation cy. (degrees) 

The angle of rotation may be varied in a 1st order fitting (see Vary 

Codes Section 10.1 

Note 

This transformation assumes that the units of (x and y) and 

( 8 and (3) are the same. This is always true unless a 15. 3. or a 

15. 4. type code has been used. 

** See SLAC-75, page 45 and Fig. 4, page 12 for definitions of 
x, Y, and z coordinates. 
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Examples: 

For a bending magnet, the Beam Rotation matrix may be used to 

specify a rotated magnet. 

Exarnple No. 1 

A bend up is represented by rotating the x, y coordinates by -90.0 

degrees as follows: 

20. 

2.0 

4.0 

2.0 

20. 

Labels (not to exceed 4 spaces) if desired 

-90. ’ ’ ; 

/3(l). ’ ’ ; 

L. B. n. ’ ’ ; 

P(2). ’ ’ ; 

+90. ’ ’ ; (returns coordinates to their initial 

orientation) 

A bend down is accomplished via a +90 degree rotation. 

20. +90. ’ ’ ; 

2. 

4. 

2. 

20. -90. ’ ’ ; 

A bend to the left (looking in the direction of beam travel) is 

accomplished by rotating the x, y coordinates by 180 degrees, e.g., 

20. 180. ’ ’ ; 

2. 

4. 

2. 

20. -180. ’ ’ ; 
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Example tJo. 2 

A quadrupole rotated clockwise by 60 degrees about the positive z 

axis would be specified as follows: 

20. 60. ' ' ; 

5. L. B. a. ’ ’ ; 

20. -60. ' ' ; 

, BEAM ROTATION MATRIX 

R= 

Where C = cos cl 

S = sin ff 

/ 
C 

C 

-S 

-s 

\ 

s 

C 

1 

1 

I J 
Q = angle of coordinate rotation about the beam axis. 

Blank spaces are zeros. 

e.g.; for Q = +90 degrees, this matrix interchanges rows 1 and 2 with 

3 and 4 of the accumulated R matrix as follows: 

0 0 
0 0 

L 
-1 0 

0 -1 

10 

01 

I 

0 0 

0 0 

(The rest 

- 
R(11) R(12) R(13) R(14) 

R(21) R(221 R(23) R(24) 

I 

= 
R(31) R(32) R(33) R(34) 

R(41) R(42) R(43) R(44) 

of the matrix is unchanged). 

20-3 
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STRAY MAGNETIC FIELD Type Code 21.0 

l- Element No. 21. 

2 - Code No. n. n = 4: horizontal deflection 

n = 2: vertical deflection 

3 - <ix> mean value of JBdz 

4 - ,+ < d BL> +: gaussian random number generator; 

effects beam first moment. 

-: uncertainty in I Bdz - effects beam 

second moment. 

Uses the misalignment element (8.1 to calculate an angular 

deflection equal to 

Random number Eenerator 

16. 14. (2n + 1.1. 

The odd number (2n + 1) resets the random number Eenerator to a 

specified initial point in the r. n. sequence. 

21-1 
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SENTINEL 

Each data set must he terminated with the word SENTINEL. The word 

SENTINEL need not be on a separate card. 

f 

21-2 
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EXAMPLES 
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A Quadrupole Triplet used to achieve Waist-to-Waist Imaging 
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‘USF TPIPI.ET TO FOCUS BEAt. FRDI” SOURCE O’ITO TARqET’ 
0 
(TYIS PRORLEI4 ‘iAS A UNITS CONVERSION FOR THE RF/II4 EXTENT FRi)f’ CM TO Iti A’JDI 
(FOR Tt1E LENGTH FROM METERS TO FEET. T’iE OUTER T!,JO ~UADRUPOLES OF TYE ‘JLJAD) 
(TRIPLET ‘iAVE VARY CODES SUC!! THAT T’iEIR FIELDS bIILL VARY TOr;ET!iER. THE FIEI-D) 
(OF T’iE CENTER QUADRUPOLE IS ALLOWED TO VARY I~!DEPENDEYTLY. TIiE FITTI’IG) 
(CONnlTIOfIS SPECIFY .4 FOCUS If1 ROT’1 DIt?EYSIONS OtJ T!iE TAI?‘;ET.) 
15.0 1.0 ‘Ill’ : 
15.0 ilO ‘FT’ ; 
1.0 11.5 17.5 0.5 17.5 0.0 3.0 1.05 ; 
3.0 12.0 * 
5.02 1.5 Il.0 4.0 ; 
3.0 0.5 ; 
5.01 3.0 1.0 4.0 ; 
3.0 0.5 * 
5.02 1.56 -1.0 4.0 : 
3.0 7.0 ; 
10.0 -1.0 2.0 0.0 .OOl ‘FITl’ ; 
10.0 -3.0 4.0 0.0 .OOl ‘FIT2’ ; 
13.0 4.0 * 
-15.0 ‘&IT ; 
SE~ITI’IEL 

E--IA 



USE TRIPLET T(; FUCUS t3EAH FKCM S’lURCE O?ITJ TPRGET 

*BE4H* 1 .cooooo l.CS GL-V 
0.0 FT 0.0 0.500 IN 

0.0 17.500 MU 0.0 
0.0 0.500 1Y 0.0 0.0 
0.0 17.500 MR 0.0 0.0 0.0 
0.0 0.0 CM 0.0 0.0 C.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 7.0 

*DRIFT* 3.0 12.COOO FT 
12.0 FT 

*QUAD* 5.co 1.50000 FT -1.CCCO KG 4.000 IN I -25.287 FT 1 
VAHY CBlCJE = 020000 

13.5 FT 

*DRIFT* 3.C C.5COC FT 
14.0 FT 

*QUAD* 5.co 3.00000 FT l .COOO KS 4.COO IN I 13.282 FT 1 
VARY CODE = 010000 

17.0 FT 

*DRIFT* 3.c C.5000 FT 

0.0 2.569 IN 
0.0 17.500 MR 0.981 
0.0 2.569 IN 0.0 0.0 
0.0 17.500 MR 0.0 0.0 0.981 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

0.0 2.958 IN 
0.0 26.373 MR 13.994 
0.0 2.801 IN 0.0 0.0 
0.0 8.991 MR 0.0 0.C 0.938 
0.0 0.0 CY 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

0.0 3.115 IN 
0.0 26.373 MR c.994 
0.0 2.851 IV 0.0 0.0 
0.0 8.991 MR 0.0 0.0 0.940 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 3.oco PC 0.0 0.0 0.0 0.0 0.0 

0.0 3.665 IN 
0.0 4.422 MU 0.842 
0.0 3.511 IN 0.0 0.0 
0.0 29.016 MU 0.0 0.0 0.996 
0.0 0.0 CM 0.0 0.0 0.0 c-0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

17.5 FT 0.0 3.687 IN 
0.0 4.422 MU 0.044 
0.0 3.685 IN 0.0 0.0 
0.0 29.016 MI? 0.0 0.0 0.997 

E-2 



*WAD* 5 .oo 1.50000 FT -1.COCO KG 4.000 IN I -25.287 FT 1 
VARY CODE = 020000 

19.0 FT 

*DRIFT* 3.0 7.0000 FT 
26.0 FT 

0.0 0.0 
0.0 3.000 CPCM ::Fi ::“o 

0.0 
0.0 ::“o 0.0 

0.0 3.864 IN 
0.0 16.179 HR 0.990 
0.0 4.093 IN 0.0 0.0 
0.0 16.330 MR 0.0 0.0 0.991 
0.0 0.0 CY 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

0.0 5.213 IN 
0.0 16.179 MR c.995 
0.0 5.455 IN 0.0 0.0 
0.0 16.330 MR 0.0 0.0 0.995 
0.0 0.0 CH 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

*FIT* 10.0 -1. 2. 0.0 / c.001 

0.297 
LABEL = FIT1 

*FIT* 10.0 -3. 4. 0.0 / 0.001 

0.311 
LABEL = FIT2 

*TRANSFORM* 1 
0.94920 0.29666 0.0 0.0 0.0 0.0 

-C.41306 0.92442 0.C 0. c 0.0 0.0 
0.0 0.0 C.55425 0.31054 0.0 0.0 
0.0 0.0 -0.35299 0.53307 0.0 0.0 
0.0 0.0 0. c 0. c 1.00000 0.0 
0.0 0.0 0.0 0.c 0.0 1.00000 

*LENGTH* 26.0000 FT 

*CORRECT IONS* 

( 3.0368E 02) -18.939 17.940 

1 2. 166OE C3) 2.929 -12.179 

( 7.1664E 0.X’) 2.C78 1.313 

( 1.5780E 02) 0.399 c.313 
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*QUAD* 5.00 1.50000 FT -14.5080 KG 4.000 12 ( -1.533 FT J 
VARY CCDE = 020000 

19.0 FT 

*DRIFT* 3.0 7.COOC FT 
26.0 Fl 

*FIT* 10.0 -1. 2. 0.0 / 0.001 

-0 .ooo 
LABEL = FIT1 

*FIT* 1o.c -3. 4. 0.c / 0.001 

0.000 
LABEL = FIT2 

*TRAhSFCRF+ 1 
-C.63548 -o.ccooo 0.0 0.0 0.0 0.0 

-15.63603 -1.51364 0.c 0.0 0.0 0.0 
c.0 0.0 0.46156 0.00000 0.0 0.0 
c.0 0.0 28.41595 2.16653 0.0 0.0 
0.0 0.0 0.0 0.0 1.00000 0.0 
c.0 0.0 0.0 0.c 0.0 1.00000 

0”:: 
0.0 
3.000 2 

0.0 
0”:: 0”:: 0”:: 0.0 0.0 

0.0 2.338 IN 
0.0 28.627 M4 -0.991 
0.0 3.327 IN 0.0 0.0 
0.0 40.489 MR 0.0 0.0 -0.998 
0.0 0.0 CY 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

0.0 0.318 IN 
0.0 28.627 MR 0.273 
0.0 0.231 IN 0.0 0.0 
0.0 40.489 MR 0.0 0.0 0.351 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

*LENGTH* 26.0000 FT 
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'USE TRIPLET TO PUT WAIST ON TARGET' 
1 
(TIiIS PROBLEM DIFFERS FROM TYE PRECEDING ONE II! THAT A WAIST ON THE TARGET) 
(IS REQUESTED. i lOTE THE USE OF THE 1 AS THE INDICATDR CARD SIGNIFYING) 
(THAT T'tlS RUN IS A CDNTI~IUATION OF T'iE PREVIOUS ONE. 1 
10.0 2.0 1.0 0.0 .OOl 'FITl' ; 
10.0 4.0 3.0 0.0 .OOl 'FITZ' ; 
SFNTIbIEL 

E--A 



USE TRIPLET TO PUT WAIST ON TARGET 

1 

THIS PROBLEM CIFFERS FROM THE PRECEDING ONE IN THAT A WAIST ON THE TARGET 

IS REQUESTEC. NOTE THE USE OF THE I AS THE INDICATOR CAR0 SIGNIFYING 

THAT THIS RUN IS A CONTINUATIGN OF THE PREVIOUS ONE. 

15.occoo 1.00000 IN 

15 .OCODO 8.00000 FT 

1.00000 c.50000 17.49958 

3.ocooo 12 .oocoo 

5.00000 1.50000 -14.508CO 
VARY CODE 020000 

3.00000 c.50000 

5.00000 3.00000 8.39750 
VARY CODE 010000 

3.ocooo c.50000 

5.ocooo 1.50000 -14.5CBOC 
VARY CODE o2cooo 

3.ccooo 7.coooo 

10.00000 2. oocco 
LABEL = FIT1 

1o.ocooo 4.coooo 
LABEL = FIT2 

13.00000 4.00000 

-15.coooo c.0 
LA8EL = UhT 

SENTINEL 

1.G0000 

3. coooo 

2.54COO 

0.30480 

0.50000 17.49998 0.0 3.00000 1.05000 

4. coooo 

4. coooo 

4.00000 

0.0 0.00100 

0.0 0.00100 

0.0 
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*QUAD* 5 moo 1.50000 FT -14.5080 KG 4.000 IN ( -1.533 FT J 
VARY CCDE = 020000 

19.0 FT 

*DRIFT* 3.0 7.0000 FT 
26.0 FT 

*FIT* 1o.c 2. 1. 0.0 / c.001 

2.485 
LABEL = FIT1 

*FIT* 1o.c 4. 3. 0.0 / O.OCl 

3.279 
LABEL = FIT2 

*TRANSFORM* 1 -0.63548 -o.ccooo 0.c 0.c 0.0 0.0 
- 15.63603 -1.57364 0.c 0.0 0.0 0.0 

0.0 0.0 0.46156 0.00900 9.0 0.0 
(2.0 0.0 28.41595 2.16653 0.0 0.0 
0.0 0.0 0.0 0.0 1.0c000 0.0 
0.0 0.0 0.0 0.c 0.0 1.00000 

*LENGTH* ib.COOO FT 

*CORRECT IONS* 

( 2.9092E C3J 0.063 -0. C26 

I 1.17446 02) 0.003 -C.COl 

( 8.0844E-01) o.oco -c.ooo 

4 3.0664E-01) -0.000 c.000 

t:: 0.0 3.000 5,” 002 ::o” El! 0.0 0.0 0.0 

0.0 2.330 IN 
0.0 20.627 HR -0.991 
0.0 3.327 IN 0.0 0.0 
0.0 40.489 tw 0.0 0.0 -0.998 
0.0 0.0 CM 9.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

0.0 0.318 IN 
0.0 28.627 MR 0.273 
0.0 0.231 IN 0.0 0.0 
0.0 40.489 MR 0.0 0.0 0.351 
0.0 0.0 cr 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 c.9 3.0 
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*COVARIANCE ( FIT 0.3 J 
0.000 

-0.786 0 .ooo 
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USE TRIPLET TO PUT NAIST ON TARGET 

*BEAM* 1.ccoooo 1.C5 GEV 
0.0 FT 0.0 0.500 IN 

0.0 17.500 MR 0.0 
0.0 0.500 IN 0.0 0.0 
0.0 17.500 MR 0.0 0.0 0.0 
0.0 0.0 CM @.O 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

*DRIFT* 3.0 12.GOOC FT 
12.0 FT 0.0 2.569 IY 

0.0 17.500 M4 0.981 
0.0 2.569 IN 0.0 0.0 
0.0 17.500 HR 0.0 0.0 0.981 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

*UUAO* 5.00 1.5OOOC FT -14.4423 KG 4.000 IN ( -1.541 FT 1 
VARY CODE = 020000 

13.5 FT 0.0 4.093 IY 
0.0 164.000 MR 1.000 
0.0 1.8L2 IN 0.0 0.0 
0.0 94.316 MP 0.0 0.0 -0.999 
0.0 0.0 CM 0.0 0.0 0.3 C.0 
0.0 3.000 PC Cl.0 0.0 0.0 0.0 0.0 

*DRIFT+ 3.0 C.SCOO FT 
14.0 FT 0.0 5.c77 IN 

0.0 164.000 MR 1.000 
0.0 1.257 IN 0.0 0.0 
0.0 94.316 MR 0.0 0.0 -0.997 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

*QUAO* 5.00 3.00000 FT 8.37C6 KG 4.000 IN ( 2.170 FT I 
VARY CGCE = 010000 

17.0 FT 0.0 5.001 IN 
0.0 167.517 MH -1.000 
0.0 1.931 IN 0.0 0.0 
0.0 110.245 MR 0.0 0.0 0.999 
0.0 0.0 CY 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

*DRIFT* 3.0 C.5000 FT 
17.5 FT 0.0 3.996 IN 

0.0 167.517 HR -1.000 
0.0 2.592 IN 0.0 0.0 
0.0 110.245 HR 0.0 0.0 1.000 
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USE TRIPLET TC FIT CERTAIN SIZE BEAM ONTO TARGET 

1 

THIS PROBLEM IS THE SAME AS THE 

SIZE OF THE BEAM IS ASKED FOR. 

IS TURhEO CN. 

15.ocooo 1.ocooo IN 

15.ocooo 8.00000 FT 

1 .ocooo c. 50000 17.49958 

3 .ocooo 12.00cc0 

5.ocooo 1.50000 -14.4423C 
VARY COOE 020000 

3.00000 c.50000 

5.00000 3.00000 8.37058 
VARY CODE 010000 

3.00000 c.50000 

5.00000 1.50000 - 14.4423C 
VARY CODE 020000 

3 .rJcooo 7.00000 

10.00000 1.00000 1.00000 
LABEL = F IT1 

10.00000 3.00000 3.ooooc 
LABEL = FIT2 

13.00000 4.00000 

15.00000 0.0 
LABEL = UNT 

SENTINEL 

TbfO PRECEDING DNES EXCEPT 4 PARTICULAR 

ThE BLANK TYPE 15 CPRD WHICH RESETS THE UNITS 

2.54OOC 

0.30480 

c. 50000 17.49998 0.0 

4. coooo 

4. coooo 

4.coooo 

‘2.60000 0.00100 

0.60000 0. c0100 

0.0 

3.00000 1.05000 

E-13 
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2: 0.0 0.0 
3.000 % 0.0 k"o 

0.0 
22: 0.0 0.0 

*PUAO* 5.00 1.50000 FT - 14.4423 KG 4.000 IN ( -1.541 FT 1 
VARY CCOE = 020000 

19.0 FT 

*DRIFT+ 3.0 7.COOO FT 
26.0 FT 

+I= IT* 10.0 

LABEL 

+I= IT+ 10.0 

LABEL 

*THINSFORk’* 1 

1. 1. 

FIT1 

3. 3. 

FIT2 

0.6CO / C.001 

0.315 

0.6CO / 0.001 

0.224 

-C.60539 o.co497 c.c 0.0 0.0 0.0 
-15.34218 -1.52592 C.0 0.0 0.0 0.0 

0.0 0.c 0.41949 -0.CO456 0.0 0.0 
(2.0 0.0 27.71928 2.C8264 0.0 0.0 
c.0 0.0 0.c 0.0 1.00000 0.0 
0.0 0.0 0.0 0.0 0.0 1.00000 

LABEL = LINT 

*LEhGTH* 7.9240 M 

*CCRRECT ICNS* 

( 2.3856E C2) 5.266 -1.786 

( 1.7593E 03) 1.335 -c.401 

( 1.4466E 02) c.115 -O.ClB 

( 1.46t5E 01) 0.012 -O.CCl 

0.0 2.355 IN 
0.0 27.784 MR -0.991 
0.0 3.283 IN 0.0 0.0 
0.0 38.993 HR 0.0 0.0 -0.998 
0.0 0.0 CH 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 0.0 

0.0 0.315 IN 
0.0 27.784 MR c?.ooo 
0.0 0.224 IN 0.0 0.0 
0.0 38.993 MR 0.0 0.n -0.000 
0.0 0.0 CM 0.0 0.0 0.0 0.0 
0.0 3.000 PC 0.0 0.0 0.0 0.0 3.0 
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BEAM SkITCHYARO END STATICN A 4LL FITTING AT ONCE 

THIS SYSTEM kAS ONE OF THE OESIGhS FOR THE SwITCHYARD ELEMENTS NHICH 

TRANSPORT TFE SLAC BEAM TO END STATION A. THE AlJTCM4TIC BEAM PRINTOUT IS 

TURNED OFF BY THE 13. 2. ELEMENT. THE M4GNETIC SYSTEM BEGINS WlTH A BENDING 

MAGNET MHICH CIVERTS THE @EAM BY .5 DEGREES. THIS MAGNET IS FOLLCWEO BY AN 

EIGHTY METER ORIFT TO ALLOk TI-E BEAM TO CLEAR SUFFICIENTLY THE ACCELERATOR 

CENTER LINE TC ALLOh THE INSTALLATICN OF A QUADRUPOLE DOUBLET. Tt’E DOUBLET 

IS Fi lLLUwED BY FUUR RENDINS MAGNEIS YHICH 4RE ENTERED uITH THE USE OF THE TYPE 

NINE REPEAT CODE. THE INITIAL QUAD DOUBLET,Pl. IS ALLOWED TO VARY SO THAT A 

FOCUS IS OBTAINEO AT THE EXIT OF THE SYMMETRY QUADRUPULE,GZ. BQTH THE 

POSITICN AND TWE FIELD tJF GL ARE PLLOdED TO VARY SO AS TO GET 4N ACHRCYATIC 

C.ONOITION AT THE EXIT OF Ttit SECOND FOUR BENDING MPGNETS. A SECOND DOURLFT,Q3 

IS 4LLCWEO TO VARY TU PRUlJUCE 4 CERTAIN BEAM SIZE AT THE ENTRANCE TO THE FINAL 

DOUBLET, C4. THIS DOUh3LET IS ALLOWFD TO YARY TO GFT A W4IST Aa(D A CEETAI’I SPOT 

S!ZE AT THE TARGET. 

THIS IS AN EXAMPLE OF A PRCGRAM WHICH WILL NOT FIT ALL 3F THE CCNSTRAINTS 

AT UNCE. THE SUBSEQUENT EXAMPLES Sl-dW THE USE OF SEi)UENT!AL FITTING 4ND THF 

USE OF TkE TYPE ONE INDICATJR CARD. 

0 

1.00000 c. 3oooc 0.10000 c. 30000 0.10000 0.30000 1.00000 25.OOOOC 

13.00000 i.oooco 

2.ocooo c.0 

4. DC000 5.oocco 1.455oc 0.c 

2.ocooo 0.50000 

13.00000 1.00000 

3. cc000 80.00000 

13.ocooc 1.00000 

5.ocooo 2.oocoo -2.2ooco 5.coooo 
VARY CODE 010000 

LABEL = c;l 

3.ccooo 2.00000 

E-19 



5 .ooooo 
VARY CODE ‘s%o” 

LABEL = 01 

13.ocooo 1.00000 

9.00000 4.00000 

3.ocooo 1 .ooooo 

2.ocooo 1.50000 

4.00000 3.00000 

2.ocooo 1.50000 

9.ocooo 0.0 

13.00000 1.00000 

3 .ocooo 30.00000 
VARY COOE 900000 

LABEL = OR1 

5.00000 2.00000 
VARY CODE 010000 

LABEL = C2 

13.00000 1.oocoo 

10.00000 -1.00000 
LABEL = FIT1 

10.00000 -3.00000 
LABEL = FITI 

13.ococo 4.00000 

3 .OOOOQ 2o.cocoo 
VARY CODE 400000 

LABEL = OR1 

13.oooco 1.00000 

9.00000 4.00000 

2.00000 1.5ccoo 

4.00000 3.00000 

2.0c000 1.50000 

3. ccoco 1.00000 

9.ocooo c.0 

13.00000 1.c0000 

1o.ocooo -1.00000 
LABEL = F IT2 

2.40000 5. a0000 

14.55occ 0.0 

5.00000 15.coooo 

2.00000 0.0 o.co1oo 

4.oooco 0.0 o.co1oo 

14.55000 0.0 

6.00000 0.0 0. co100 
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1o.oocoo -2.oocoo 
LABEL = FIT3 

13.00000 4.00000 

5.G0000 2.00000 
VARY CODE 010000 

LABEL = C3 

3 .ooooo 2.OOGOO 

5.00000 2.00000 
VAMY COOE 010000 

LABEL = Q? 

3.OCOGO 2CO.OOOCO 

13.000c0 1.00000 

10.00000 1.00000 
VARY COOE 2c0000 

LABEL = FIT4 

1o.ocooo 3.occoo 
VARY CODE 200000 

LABEL = FIT4 

13.ooooc 4.00000 

13.00000 1.coooo 

5.00000 2.00000 
VARY CODE 010000 

LABEL = C4 

3.OCOGO 2.00000 

13.00000 1.coccc 

5.00000 2.00000 
VARY CODE 010000 

LABEL = C4 

13.0c000 1.00000 

3.00000 15.oocoo 

13.00000 1.00000 

10.00000 2.00000 
LABEL = FIT5 

10.00000 4.00000 
LABEL = FIT6 

1o.ccooo 1.00000 
VARY CODE 200000 

LABEL = FIT7 

6.00000 

-1.9ooco 

1.85000 

1.acooo 

3.00000 

4.5cocc 

-4.2OOCO 

l.CC300 

3.cc3ca 

1.coooo 

10.00000 3.00000 3.coooo 

0.0 o.co1oo 

5.coooo 

5.cooco 

4.00000 o.1cooo 

1.50000 0.10000 

5.coooo 

5.coooo 

0.C 0.00100 

C.0 o.co1oo 

0.02000 0.c1000 

c.c2000 0.c1000 

E-21 
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BEAM SkITCHYARD END STATION A ALL FITTING AT ONCE 

* BEA M* 1.cooooo 25.00 GEV 
0.0 M 0.0 0.300 CY 

0.0 0.100 MR 0.0 
0.0 0.300 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.0 
0.0 0.300 CM 0.0 0.0 0.0 0.0 
0.0 1.000 PC 0.0 0.0 0.0 0.0 0.0 

*ROT AT * 2.0 0.0 D 

*BEND* 4.000 5.cocoo Y 1.455 KG o.cooo ( 0.500 0 I 

*ROTAT* 2-C 0.50 cl 

5.0 H 0.0 0.305 CM 
0.0 0.133 MR 0.171 
0.0 0.304 CM 0.0 0.0 
0.0 0.100 WR 0.0 0.0 0.164 
0.0 0.300 CY -0.009 -0.001 0.0 0.0 
0.0 1.000 PC 0.071 0.657 0.0 0.0 -fl.ooo 

+ORIFT* 3.0 Bc.0000 M  

85.0 M 0.0 1.153 CY 
0.0 0.133 MR 0.965 
0.0 0.901 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.943 
0.0 0.300 CY -0.003 -0.001 0.0 0.0 
0.0 1.000 PC 0.624 0.657 0.0 F.0 -0.000 

‘QUAD* 5.co 2.00000 ti -2.2000 KG 5.000 CM ( -9.151 M J 
VARY COOE = 010000 

LABEL = Cl 

*DRIFT* 3.0 2.0000 M 

*QUAD* 5.00 2.00000 M 2.4000 KG 5.000 CM ( 9.029 TV 1 
VARY COCE = 010000 

LABEL = Cl 

91.0 M 0.0 1.675 CY 
0.0 0.511 MR -0.999 
0.0 0.564 CY 0.0 0.0 
0.0 0.151 FnR 0.0 0.0 -0.936 
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i 

*DRIFT* 

+ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND+ 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

3.0 

2.0 

4.000 

2.0 

3.0 

2.0 

4.coo 

2.0 

3.0 

2.c 

4.000 

2.0 

3.0 

2.0 

4.000 

2.0 

?A 0.300 L.000 CM PC -0.003 0.626 -0.616 0.003 0.0 0.0 20" -0.000 

1.0000 M 

1.50 II 

3.00000 M 14.550 KG 0.0000 ( 2.999 D ) 

1.50 0 

1.0000 M 

1.50 cl 

3.00000 M 14.550 KG 0.0000 ( 2.999 D 1 

1.50 0 

l.COOO M 

1.50 0 

3.00000 M 14.550 KG 0.0000 ( 2.9YY D i 

1.50 0 

l.OOOC M 

1.50 0 

3.00000 Y 14.550 KG 0.0000 ( 2.999 D I 

1.50 D 

107.9 i4 0.0 2.218 CM 

0.0 1.824 MR 0.865 
0.0 0.336 CM 0.0 0.0 
0.0 0.165 MR 0.0 0.0 -0.841 
0.0 0.457 CY -0.715 -0.497 0.0 0.0 
0.0 1.000 PC 0.954 0.975 0.0 0.0 -0.613 
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*DRIFT* 3.C 3c.0000 Y 
VARY CCDE = 900000 

LABEL = URl 

*‘JUAO* 5 .oo 2.00000 M 5.OOCO KG 15.000 CM 1 12.848 Fc 1 
VARY CCOE = 010000 

LABEL = C2 

139.0 Y 0.0 7.236 CM 
0.0 4.163 UR -C.998 
0.0 0.329 CM 0.0 0.0 
0.0 0.364 MP 0.0 0.0 0.971 
0.0 0.457 CM -0.573 0.605 0.0 0.0 
0.0 1.000 PC 0.997 -l .Oc?O 0.0 C.0 -0.610 

*FIT* 10.0 -1. 2. 0.c / O.OCl 

-5.150 
LABEL = FIT1 

*FIT+ 10.0 -3. 4. 0.0 / O.CCl 

-1.010 
LABEL = FIT1 

*TRANSFORM* I 
-C.93476 -5.14981 0.c 0.c 0.0 7.21223 

0.24757 0.29632 C. C 0.G 0.0 -4.16246 
c.0 0.0 - 1.04482 -1.01024 0.0 0.0 
c.0 0.0 -l.C8$80 -2.01081 0.0 0.0 

-C.21025 -1.92988 0.C 0.0 1.00000 -0.27894 
0.0 0.0 0.c 0. c 0.0 1 .ooooo 

*DRIFT* 3.c 2o.ococ M 
VARY CODE = 4OCOOO 

LABEL = DRl 

159.0 M 0.0 1.210 CM 
0.0 4.163 MR c.915 
0.0 1.090 CM 0.0 0.c 
0.0 0.384 MR 0.0 0.0 0.997 
0.0 0.457 CM 0.735 0.605 0.0 F.Q 
0.0 l .COO PC -0.920 -1.ooc 0.0 @.O -0.613 

*ROT AT* 2.0 1.50 D 

*BEND+ 4 .ooo 3.oooco :4 14.550 KG 0.0000 ( 2.999 D I 
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*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROT AT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROT AT * 

*BENO* 

*ROT AT* 

*DRIFT* 

i.0 

3.0 

2.0 

4 .ooo 

2.0 

3.c 

2.c 

4.000 

2.c 

3.c 

2.c 

4.000 

2.C 

3.c 

1.50 0 

1.0000 M 

1.50 0 

3.00000 M 14.550 KG 0.0000 I 2.999 0 ) 

1.50 0 

1.0000 M  

1.50 0 

3.oooco Y 14.550 KG 0.0000 ( 2.999 0 I 

1.50 0 

l .OOOC M 

1.5c 0 

3.ccccc Y 14.550 KG 0.0000 ( 2.999 0 1 

1.50 D 

l .COOC M 

175.0 M  0.0 6.005 CY 
0.0 2.070 MR 0.996 
0.0 1.664 CY 0.0 0.0 
0.0 0.334 MR 0.0 0.0 0.999 
0.0 0.588 CY -0.824 -0.843 0.0 C.0 
0.0 1.000 PC -0.998 -0.999 0.0 (3.0 3.838 

*FIT* 10.0 -1. 6. 0.0 / 0.001 

-5.441 
LABEL = FIT2 
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*FIT* 1o.c 4. 3. 

LABEL = FIT6 

*FIT* 1o.c 1. 1. 

VARY CODE = 200000 
LABEL = FIT7 

*FIT* 10.0 3. 3. 

VARY COCE = 200000 
LABEL = FIT7 

0.0 / 0.001 

0.092 

o.c20 / 0.010 

15.217 

0.020 / 0.010 

0.119 

*TRANSFORM* 1 
-2.33281 3.132CC 0.C 0.c 0.0 0.0 
- 1.58390 1.65786 0.0 0.0 0.0 0.0 

c.0 0.0 -0.17269 C. 77960 0.0 0.0 
c.0 0.0 -1.30944 0.12067 0.0 0.0 
0.0 0.0 0.c 0.0 1.00000 0.0 
0.0 0.0 0.c 0.0 0.0 1.00000 

*LElvGTH* 401.9995 M 

*CORRECT ICNS* 

( l .BS65E C5J 

( 4.7094E C4J 

( 1.3659E C4J 

1 1.9515E C5J 

( 5.5914E C4J 

( 4.2568E 051 

( 2.lBlbE C5J 

( 2.817BE C5J 

( 9.1541E 041 

( 9.1299E 051 

*FAILED* 

0.152 -0.247 

0.009 -0.CCB 

0.022 -c.c47 

-0.cc9 0.017 

o.oc5 -C.ClO 

0.003 -c.ooo 

-0.002 c.coo 

-0.002 0.003 

0.002 -0.003 

o.cs7 -C.C38 

0.0 0.0 0.0 0.050 -0. c47 0.0 

0.0 0.0 -0.040 0.042 0.0 0.c 

0.0 -1.439 -0.099 0.131 0.0 0.0 

0.0 0.391 c.0 0.0 -0.046 0.0 

0.0 -0.402 0.0 0.369 0.194 0.0 

0.0 0.221 0.0 0.0 -0.oc7 O.C85 

0.0 -0.226 0.0 -0.233 -0.029 0.012 

0.0 0.258 0.0 0.0 -0.016 0.0 

0.0 -0.247 0.0 -1.646 -0.454 -0.115 

0.0 -0.266 0.0 0.0 -0.003 0.003 
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2: lym& . ;cy -0.003 0.627 -0.611 0.003 0.0 0.0 0.0 0.0 -0.000 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT+ 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

3.0 

2.c 

4 .ooo 

2.c 

3.c 

2.0 

4.000 

2.0 

3.c 

2.0 

4.coo 

2.0 

3.c 

2.0 

4 .ooo 

2 .o 

1.0000 M 

1.50 0 

3.OOOCO M 14.550 KG 0.0000 ( 2.999 0 J 

1.50 0 

l .OOOC M 

1.50 0 

3.00000 M 14.550 KG 0.0000 ( 2.999 0 J 

1.50 0 

1.0000 M 

1.50 0 

3.00000 H 14.550 KG o.cooo ( 2.999 0 J 

1.50 0 

1.0000 Y 

1.50 0 

3.ococo H 14.550 KG 0.0000 ( 2.999 0 J 

1.50 0 

107.0 M 0.0 2.305 CM 
0.0 1.898 HR 0.073 
0.0 0.477 CY 0.0 0.0 
0.0 0.111 MR 0.0 0.0 -0.824 
0.0 0.470 CY -0.737 -0.542 0.0 0.0 
0.0 1.000 PC 0.939 0.989 0.0 0.0 -0.617 
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*DRIFT* 3.0 3c.0000 M 
VARY CCOE = 900000 

LABEL = OR1 

*WAD* 5 .co 2.00000 M 3.29C9 KG 15.000 CM ( 19.342 M ) 
VARY CODE = 010000 

LABEL = 02 

139.0 M 0.0 7.830 CM 
0.0 2.304 MR -0.993 
0.0 0.287 CM 0.0 0.0 
0.0 0.168 MR 0.0 0.0 0.783 
0.0 0.470 CH -0.612 0.663 0.0 0.0 
0.0 1.000 PC 1.000 -0.994 0.0 0.0 -0.617 

*FIT* 10.0 -1. 2. 0-c / 0.001 

-0.405 
LABEL = FIT1 

*FIT* 10.0 -3. 4. 0.c / 0.001 

2.223 
LABEL = FIT 1 

*TRAkSfCRM* 1 
-0.42470 -0.404SB 0.0 0.0 0.0 7.02067 
-C. 16137 -2.5CB45 C.0 0.0 0.0 -2.29023 

0.0 0.C -C. 60594 2.22344 0.0 0.0 
0.0 0.C -0.54673 0.35586 0.0 0.0 

-0.22360 -2.05654 0.C 0.0 1.00000 -0.28970 
0.0 0.0 0.0 0.0 0.0 1.00000 

*DRIFT+ 3.0 2C.0000 M 
VARY CCDE = 400000 

LABEL = OR1 

159.0 n 0.0 3.301 CM 
0.0 2.304 MP -0.959 
0.0 0.5R8 CM 0.0 0.0 
0.0 0.168 MR 0.0 0.0 0.953 
0.0 0.470 CM -0.525 0.663 0.0 0.0 
0.0 1.000 PC 0.904 -0.994 0.0 0.0 -0.617 

*ROT AT* 2.0 1.50 D 

*BEND* 4 .ooo 3.OOCCO M 14.550 KG o.cooo ( 2.999 D 1 
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*ROTAT* 

*DRIFT* 

*ROTAT+ 

*BEND* 

*ROT AT* 

*DRIFT+ 

*RUTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROT AT* 

*BEND* 

*ROT AT* 

*DRIFT* 

2.0 

3.0 

2.c 

4.000 

2.0 

3.c 

2.c 

4.000 

2.c 

3.c 

2.c 

4.000 

2.c 

3.0 

1.50 0 

1.0000 M 

1.5c 0 

3.00000 M 14.550 KG 0.0000 ( 2.999 D t 

1.50 D 

1.0000 M 

1.50 D 

3.OOOCO M 14.550 KG 0.0000 ( 2.999 D J 

1.50 0 

l .OOOC M 

1.5c 0 

3.OOOCC M  14.550 KG 0.0000 ( 2.999 D 1 

1.50 D 

l .OOOC M  

175.0 M 0.0 1.686 CM 
0.0 0.322 HR -c.o30 
0.0 0.827 cn 0.0 0.0 
0.0 0.143 MR 0.0 0.0 0.967 
0.0 0.787 CM -0.706 0.616 0.0 0.0 
0.0 1.000 PC 0.809 -0.609 0.0 C.0 -0.922 

*fiT* 10.0 -1. 6. 0.0 / 0.001 

1.365 
LABEL = FIT2 
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-0.04173 -0.52722 C.C 0.0 1.00000 -0.72547 
C.0 0.0 0.0 0.0 0.0 1.00000 

381.0 M  0.0 24.547 CM 
0.0 1.106 I44 1.000 
0.0 9.523 CY 0.0 0.0 
0.0 0.502 MR 0.0 0.0 1.000 
0.0 0.787 CM -0.528 -0.512 0.0 0.0 
0.0 1.000 PC 0.630 0.615 0.0 0.0 -0.922 

*QUAD* 5 .oo 2.00000 H 4.0428 KG 5.COO CM ( 5.506 H 1 
VARY CODE = 010000 

LABEL = C4 

*DRIFT* 3.0 2.OOOC M 

385.0 M  0.0 11.409 CM 
0.0 43.685 MR 
0.0 15.594 c?I 
0.0 20.207 MR 
0.0 0.787 CY 
0.0 1.000 PC 

*QUAD* 5.co 2.oooco Y -4.2154 KG 5.000 CM ( -4.627 M 1 
VARY CGCE = OlCOOO 

LABEL = 04 

387.0 M  0.0 4.456 CM 
0.0 28.165 MR 
0.0 16.335 CM 
0.0 13.128 MR 
0.0 0.707 CM 
0.0 1.000 PC 

-1.000 
0.0 0.0 
0.0 0.0 1.000 

-0.527 0.520 0.0 0.0 
0.630 -0.631 0.0 0.0 -0.922 

-1.000 
0.0 0.0 
0.0 0.0 -1.000 

-0.525 0.529 0.0 0.0 
0.620 -0.631 0.0 0.0 -0.922 

*DRIFT* 3.c 15.COCC M 

402.0 M 0.0 37.791 CM 
0.0 28.165 HR 1.000 
0.0 3.356 CM 0.0 0.0 
0.0 13.128 HR 0.0 0.0 1.000 
0.0 0.707 cn 0.529 0.529 0.0 0.0 
0.0 1.000 PC -0.632 -0.631 0.0 0.0 -0.922 

*FIT* 10.0 2. 1. 0.c / 0.001 

1064.355 
LABEL = FIT5 
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BEAM TRANSPORT SYSTEM FOR SLAC BEAM SrlITCHYARD END STATICY A I 

0 

THE FIRST STEP TO FITTING IS T’3 ALLOW CNLY THE POSITION ANfl FIELD OF THF 

SYMMETRY GUAC,QZ, TO VARY IN ORDER TO GET AN ACHRCMATIC CONDITION E!ETWEEN THE 

FIRST SET OF BtNDIYG MAGNETS A:JD THE SECOND OIJAD DGUBLET,C3. 

1.00000 c. 30000 0.1cc00 0.3oocc 0.10000 0.3@000 1.00000 25.00000 

13.00000 2.00000 

4.00000 5.oocoo 1.45500 0.0 

2.0C000 c.5ccoc 

13.00000 1.00000 

3.00000 8o.coooo 

13.ocooo 1.00000 

5.ocooo 2.00000 -2.2000Q 5.00000 
LABEL = Cl 

3.ocooo 2.00000 

5.00000 2.00000 2.4OOCO 5.cocoo 
LABEL = Cl 

13.0c000 1.00000 

9.00000 4.00000 

3.00000 1.oocco 

2.oooao 1.50000 

4.00000 3.00000 14.55000 0.0 

2.00000 1.50000 

9.00000 0.0 

13.00000 1.00000 

3.00000 30.00000 

VARY CODE 900000 
LABEL = DRl 

5.00000 2.00000 5.coooo 15.00000 

VARY CODE 010000 
LABEL = 92 

13.00000 1.00000 

-10.00000 -1.00000 2.00000 0.0 0.00100 
LABEL = FIT1 
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-10.00000 -3.00000 
LABEL = FIT1 

13.00000 4.00000 

3.ocooo 20.00000 
VARY CODE 400000 

LABEL = DRl 

13.00000 1.00000 

9.ocooo 4.00000 

2.00000 1.50000 

4.occoo 3.00000 

2.00000 1.50000 

3. ocooo I .ooooo 

9.ccooo c.0 

13.00000 1.00(100 

10.00000 -1.00000 
LA9EL = FIT2 

10.00000 -2.00000 
LABEL = FIT3 

13.00000 4.00000 

5.00000 2.00000 
LABEL = 03 

3.ococo 2 .ooooo 

5.00000 2.oocoo 
LABEL = C3 

3.00000 20c.00000 

13.00000 1.oocoo 

-10.00000 1.00000 
VARY CODE 200000 

LABEL = FIT4 

-10.00000 3.oocoo 
VARY CCDE 200000 

LABEL = FXT4 

13.00000 4.00000 

13.ocooo 1.00000 

5.00000 2.00000 
LABEL = C4 

4.ocooo 

14.55000 

6.00000 

6 .OOOOO 

- 1.90000 

1.05000 

1 .ocooc 

3. cooco 

0.0 0.00100 

0.0 

0.0 0. co100 

0.0 o.co1oo 

5.00000 

5.00000 

4.00000 0.10000 

1.50000 0.10000 

4 .SCOOC 5. c9000 
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3.00000 i.coooo 

13.00000 1.00000 

5.OOOOO 2.00000 -4.20000 5.coooo 
LABEL = C4 

13.ocaoo 1.00000 

3.00000 15.occoo 

13.ocooo 1.00000 

-10.00000 2.coooo l .OC1)OO 0. c  o.co1oo 
LABEL = FIT5 

-1O.OOOQO 4.00000 3.ccoco 0.0 0.00100 
LABEL = FIT6 

-10.00000 1.00000 1.coooo 0.02000 0. Cl 000 
VARY CODE 2oocoo 

LABEL = FIT7 

-10.00000 3.00000 3.ccocc 0.02000 0.c1000 
VARY CODE 200000 

LABEL = FIT7 

13 .ocooo 4 .ooooo 

SENTINEL 
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*ROTAT+ 

*BEND* 

*ROTAT+ 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT+ 

*HOTAT+ 

*BEND* 

*RUTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*HOTAT* 

2.0 

4.000 

2.0 

3.0 

2.0 

4.coo 

2.c 

3.0 

2.0 

4.000 

2.c 

3.0 

2.0 

4.ooc 

2.0 

1.50 0 

3.000c0 ‘I 14.550 KG 0.0000 I 2.999 D ) 

1.50 D 

l .OOOC M  

1.5c 0 

3.00000 y 14.550 KG 0.0000 ( 2.999 D 1 

1.50 D 

l .COOO Y 

1.50 0 

3.ococc N 14.550 KG O.OOO@ ( 2.999 D 1 

1.50 D 

l .OOOC M  

1.50 cl 

3.oooca M 14.550 KG 0.0000 ( 2.999 D 1 

1.50 0 

107.0 M 0.0 2.218 CM 
0.0 1.824 MR 0.865 
0.0 0.336 CM 0.C 0.0 
0.0 0.165 MR 0.0 0.0 -0.841 
0.0 0.457 CM -0.715 -0.497 0.0 0.0 
0.0 1.000 PC 0.954 0.975 0.0 0.0 -C.610 

*DRIFT* 3.0 30.0000 M 
VARY CCOE = 900000 

LABEL = DRl 

E-41 



*QUAD* 5.00 2.00000 M  5.COOO KG 15.000 CM ( 12.848 M 1 
VARY CODE = 010000 

LABEL = C2 

139.0 M 0.0 7.236 CM 
0.0 4.163 MR -0.998 
0.0 0.329 CM 0.0 0.0 
0.0 0.384 HR 0.0 0.0 0.911 
0.0 0.457 CM -0.573 0.605 0.0 0.0 
0.0 1.000 PC 0.997 -1.000 0.0 0.0 -0.610 

*TRANSFORM* 1 
-C.93476 -5.14981 0.0 0.0 0.0 7.21223 

0.24797 0.29632 0.0 0.0 0.0 -4.16246 
0.0 0.0 -1.04482 -1.01024 0.0 0.0 
0.0 0.0 -1.C8980 -2.01081 0.0 0.0 

-0.21025 -1.92968 0.0 0.c 1.00000 -0.27894 
c.0 0.0 c.c 0.0 0.0 1.00000 

*DRIFT* 3.c 2C.OCOC M 
VARY CCOE = 400000 

LA@EL = OR1 

*ROT AT * 

*BkND* 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*URIFT* 

2.0 

4.000 

2.0 

3.0 

2.0 

4.000 

2.C 

3.0 

159.0 M 

1.50 cl 

3.COCCC M 14.550 KG 0.0000 ( 2.999 D 1 

1.50 0 

1.0000 M  

1.50 D 

3.COOOO M 14.550 KG 0.0000 ( 2.999 D ! 

1.50 D 

l .OOOC M 

0.0 1.210 CM 
0.0 4.163 HR 0.915 
0.0 1.090 CM 0.0 0.0 
0.0 0.384 MR 0.0 0.0 0.997 
0.0 0.457 CM 0.735 0.605 0.0 0.0 
0.0 1.000 PC -0.920 -1.000 0.Q 0.0 -0.610 
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LABEL = C3 

*DRIFT* 3.c 2.oooc M 

*QUAD* 5.00 2.00000 H 1.8500 KG 5.000 CM ( 11.609 M I 
LABEL = C3 

*DRIFT* 3.0 2CO.0000 M 

381.0 M 0.0 6.365 C’! 
0.0 0.211 MR -0.543 
0.0 0.620 CY 0.0 0.0 
0.0 0.049 MR 0.0 0.0 -0.138 
0.0 0.580 cr -0.854 0.545 0.0 0.0 
0.0 1.000 PC -c!.943 0.790 0.0 0.0 ,7.l33d 

*TRAhSFCRM* 1 
3.42950 18.46803 C. C 0.0 0.0 -6.00397 
C. 16690 1.19030 0.c 0.0 0.0 0.16643 
c.0 0.0 -0.30513 -6.13656 9.0 0.0 
c.0 0.c 0.16271 -0. CO492 0.0 0.0 

-C. 15728 -1.02203 0.0 0.0 1.00000 0.49253 
0.0 0.0 0. c 0.c 0.0 1 .ooooo 

381.0 M 0.0 6.365 CM 
0.0 0.211 MR -0.543 
0.0 0.620 CM 0.0 0.0 
0.0 0.049 MR 0.0 0.0 -0.138 
0.0 0.588 CM -0.854 0.545 0.0 0.0 
0.0 1.000 PC -0.943 0.790 0.0 0.0 o.a38 

*WA Cl* 5 .a0 2.OOOOC M 4.5000 KG 5.000 CM t 4.984 M ) 
LABEL = C4 

*DRIFT* 3.0 L.OOOC M 

385.0 M  0.0 2.447 CY 
0.0 12.863 MR -0.999 
0.0 1.044 CY 0.9 0.0 
0.0 1.431 MR 0.0 0.0 l.DOC 
0.0 0.5t38 CY -0.851 0.855 (3.0 0.0 
!J.O 1.000 PC -0.93s 0.947 0.0 0.9 0.838 

*LIUAC* 5 .co 2.ooooc M -4.2CCO KG 5.000 CM ( -4.645 Y 1 
LABEL = C4 

387.0 M 0.0 0.232 CM 
0.0 LO.281 MP -0.881 

E -44 



0”:: 
1.108 CM 
0.813 MR ;:o” 0”s -0.999 

0.0 0.588 CM -0.721 oIi57 OIO 0.0 
0.0 1.000 PC -0.696 0.953 0.0 C.@ 0.838 

*DRIFT* 3.0 15.COCO M 

402.0 M 0.0 15.217 CY 
0.0 10.2Rl MR 1.000 
0.0 0.119 CY c.0 0.0 
0.0 0.813 MR 0.0 0.0 0.950 
0.0 0.588 CY 0.857 0.857 0.0 0.0 
0.0 1.000 PC 0.955 0.953 0.0 0.0 c.9311 

*TR ANSl=CRM* 1 
-1.47703 -39.35443 c. c 0. c 0.0 14.57741 

-5.14875 -27.23064 0.C 0.0 0.0 9.79230 

C.0 0.c c. 17954 1.C5592 0.0 0.0 
0.0 0.0 C.4191d 8.03487 c.0 0.0 

-0.15728 -1.02203 0.C 0. c 1.coooo 0.49253 
0.0 0.0 0.c 0.c 0.0 1.00000 

*LENGTH* 401.4995 H 

*CCRRECT IONS* 

( 4.4815E 03) 2.801 -1.453 

1 1.5177E 02) 1.457 c.043 

( 1.5083E 011 0.037 o.cos 

( 1.2714E-02) -0.000 o.oco 

+COVPHIANCE ( FIT 0.c ) 
0.011 
0.430 c.oco 

E-45 



BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATICN A I 

*BEAM* 1 .cooooo 25.00 GEV 
0.0 H 0.0 0.300 CM 

0.0 0.100 MR 0.0 
0.0 0.300 CY 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.0 
0.0 0.300 CM 0.0 0.0 0.0 0.0 
0.0 1.000 PC 0.0 0.0 0.0 0.0 0.0 

*BEND* 4 .ooo 5.OOOOC M 1.455 KG 0.0000 ( 0.500 D ) 

*ROTAT* 2.0 0.50 D 

5.0 M  0.0 0.305 CM 
0.0 0.133 MR 0.171 
0.0 0.3G4 CM 0.0 0.0 
0.0 0.100 MR 0.0 0.0 0.164 
0.0 0.300 CM -0.009 -0.001 0.0 0.0 
0.0 1.000 PC 0.071 0.657 0.0 0.0 -0.000 

*DRIFT+ 3.c 8c.cooG M 

85.0 Y 0.0 1.153 CM 
0.0 0.133 MP 
0.0 0.901 CM 
0.0 0.100 MR 
0.0 0.300 CY 
0.0 I.000 PC 

*QUAD* 5.co 2.ocooo H -2.2000 KG 5.000 CM ( -9.151 Y ) 
LABEL = Cl 

*DRIFT* 3.c 2.OCOC M 

*OUAC* 5 .co 2.00000 M 2.4000 KG 5.000 CM ( 9.029 Fc 1 
LABEL = Cl 

91.0 ti 0.0 1.675 CM 
0.0 0.511 HR 
0.0 0.564 CM 
0.0 0.151 MB 
0.0 0.300 CM 
3.0 1.000 PC 

C.965 
0.0 0.0 
0.0 0.0 r). 943 

-0.003 -0.001 0.0 0.0 
0.624 0.657 0.0 0.0 -7. GO0 

-0.999 
0.0 0.0 
0.0 0.0 -0.936 

-0.003 0.003 0.0 0.0 
0.626 -0.616 0.0 0.0 -0.000 

*DRIFT* 3.c l .OOOC Y 

E-46 



*POTAT* 

*BEND* 

+ROTAT* 

*ORIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROT AT* 

*BEND* 

*ROT AT* 

*DRIFT* 

*RDTAT* 

*BEND* 

*RUTAT* 

2.a 

4 .ooo 

2.0 

3.0 

2.0 

4.coo 

2.0 

3.0 

2.c 

4.000 

2.G 

3.0 

2.c 

4 .OGO 

2.0 

1.50 0 

3.00000 H 14.550 KG 0.0000 ( 2.999 0 1 

1.50 D 

1.0000 H 

1.50 D 

3.00000 U 14.550 KG 0.0000 ( 2.999 D ) 

1.50 0 

l.OOOC M 

1.50 D 

3.oooco M 14.550 KG 0.0000 ( 2.Y99 D 1 

1.50 D 

l.OGOC H 

1.50 0 

3.GOOOC M 14.550 KG 0.0000 ( 2.999 D 1 

1.50 D 

107.0 M 0.0 2.218 CY 
0.0 1.824 MR 0.865 
0.0 0.336 Cq 0.0 0.0 
0.0 0.165 HR 0.0 0.0 -0.841 
0.0 0.457 CM -0.715 -F.497 0.0 0.0 
0.3 1.000 PC 0.954 0.975 0.0 0.0 -0.610 

*DRIFT* 3.c 25.7C57 M 
VARY CCDE = 900000 

LA@EL = CR1 
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*QUAD* 5.co 2.00000 14 3.5952 KG lS.OOC CM ( 17.734 v 1 
VARY CODt = Cl0000 

LABEL = C2 

134.7 Y 

*TRANSFORM* 1 
-c. 75331 -3.74802 0.0 0.0 0.0 6.65790 

-0.07884 -1.71F68 0.0 0.0 0.0 -2.C9424 
c.0 0.C -C.EITYb -0.38176 0.0 0.0 
0.0 0.0 -C.78899 -1.48206 0.0 0.0 

-C.21025 -1.92988 0.0 0.0 1.00000 -0.27894 
G.0 0.c 0.C 0.c 0.0 1.00000 

*DRIFT* 3.0 24.2942 M  
VARY CCOE = 400000 

LA@EL = OR1 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

*ROTAT* 

*BEND* 

*ROTAT* 

*DRIFT* 

2.0 

4.000 

2.0 

3.0 

2.0 

4.000 

2.0 

3.0 

1.50 D 

3.00000 M 

1.50 0 

1.0000 M  

1.5C D 

3.00000 M 

1.50 D 

l .COO@ H 

14.550 KG 

14.550 KG 

0.0000 ( 

0.0000 ( 

159.0 Y 

2.999 D 1 

2.999 D 1 

~-48 

0.0 6.672 Cl' 
0.9 2.101 MQ -C.Y89 
0.0 0.266 C-4 0.0 0.0 
0.0 0.279 YR 0.0 0.0 n.915 
0.0 0.457 CM -0.580 0.644 0.0 0.0 
0.0 1.000 PC 0.998 -0.997 0.9 0.0 -0.619 

0.0 1.782 CY 
0.0 2.101 ns -0.840 
0.0 0.928 C'l 0.0 0.0 
0.0 0.279 MS 9.0 0.0 0.993 
0.0 0.457 CY -9.32R 0.644 0.9 0.0 
0.0 1.000 PC 0.881 -0.997 0.0 0.0 -0.610 
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LABEL = C3 

*DRIFT* 3.0 2.OOOC M 

*QUAD* 5.co 2.00000 n 1.8500 KG 5.000 cn ( 11.609 M ) 
LABEL = C3 

*OR1 FT 4 3.0 200.0000 M 

381.0 M 

*TRANSFORM* 1 
2.77343 15.3GllC C.C 0.0 0.0 -0.00001 
0.21337 1.53771: 0.0 0.0 0.0 -0.00000 
0.0 0.0 2.57533 -2.86C91 0.0 0.0 
0.0 0.0 0.27C88 0.08736 0.0 0.0 

-c.ooooo -0.00001 0.0 0.c 1.00000 -0.39405 
0.0 0.0 c.c 0.C 0.0 1 .OGGOO 

381.0 M 

0.0 1.742 CM 
0.0 0.167 MU 

0.0 0.824 CM 
0.0 0.082 MR 
0.0 0.495 CM 
0.0 1.000 PC 

0.0 I.742 CM 
0.0 0.167 MR 
0.0 0.024 CY 
0.0 0.082 MR 
0.0 0.495 CY 
0.0 1.000 PC 

0.995 
0.0 0.0 
0.0 0.0 0.895 
0.000 0.000 0.0 0.0 

-0.000 -0.000 0.0 0.0 -0.796 

0.995 
9.0 0.0 
0.0 0.0 0.895 
0.000 0.000 0.0 0.0 

-0.000 -0.000 0.0 0.0 -0.796 

*QUAD* 5.00 2 .GOOOO M 4.5000 KG 5.000 CM ( 4.984 M ) 
LA@EL = C4 

*DRIFT* 3.c 2.CCOO M 

385.0 M 0.0 0.737 CM 
0.0 3.364 MU -1.000 

9.0 1.424 CM 0.0 0.0 
0.0 1.999 MR 0.0 0.0 1.000 
0.0 0.495 CM 0.000 -0.000 0.0 0.0 
0.0 1.000 PC -0.000 0.000 0.0 0.G -0.196 

*WAD+ 5.00 2.00000 M -4.2000 KG 5.000 CM ( -4.645 k’ I 
LABEL = C4 

387.0 M 0.0 0.172 CM 
0.0 2.470 MR -C.998 
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‘BEAM TRANSPORT SYSTEfl FOR SLAC BE/I:1 SIJITCHYARD END STATION A I I ’ 
1 
(THE SECOND STEP TO FITTIMG IS TO ALLOW THE FIELDS OF THE FIRST QUAD) 
(DOURLET,l.l, TO VARY AS WELL AS THE SYIWETRY QUAD IN DRDER TO GET AN If4AGE AT) 
(THE EXIT OF THE SYMIJETRY QUAD,O.2, AS HELL AS TIiE PREVIOUSLY MENTIONED) 
(ACYROMATIC CONDITION.) 
5.01 ‘?l’ ; 
10.0 ‘FITl’ ; 
SENTI llEL 
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