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SET SIZE 6F R

MATRICES T® SIX
FOR FIRST ORDER
(RESET Te 42 IF

TYPE 17 ENCOUNTERED)

~-TRANSPORT -

BE(iIN

RESET P.S.W.
ZER® ©UT DATA

MU « 6
i

CALLS BKKIN, SETS
UP TIE ARRAY FOR
VARY CEDES AND
CALLS eUTFIT

BKKIN

READ IN
AND INTERPRET
DATA

OUTFIT

CALLS ELEMENT
AND PRINTS
RESULTS

¥

N®
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CALCULATE R
MATRICES AND
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©

PPLY CORRECTIGNS
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~-SUBRGUTINE BKKIN(1)-

ENTRY TRANIN(DATA, VARY, KABLE, NSTART, NSTGP, NWORD, IR)

NWERD «
NSTART
| |

SET FLAG T® TFEAG
INDICATE «1
ENTRY POINT L

FIRST TIME THIS
SUBRSUTINE CALLED No
FOR THIS DATA SET?

(IBEG = 12)

ENTRY BKKIN (DATA, NSTART, NSTOP, NWERD, IR)

INTTIALIZE SYMBELS
T© CHARACTER SET

OF MACHINE ON WHICH
GEMPILED

SET CARD INDEX
TO® ZERS

INCREMENT
CARD INDEX




-SUBROUTINE BKKIN (2)-

READ A CARD

1
SET DELIMITER
FLAGS T8 O

1
SET CHARACTER
COUNT T6 O

0

EXAMINE CHARACTER INCREMENT

IN CSLUMN IW CHARACTER

COUNT (IW)
| |

IS CHARACTER
PART OF HELLERITH "—YES—_@
STRING?

1
IS THIS
CHARACTER A e YES
SEMICSLGN?
|

IS THIS
CHARACTER A YES @
BLANK?

IS THIS
CHARACTER A YES {E%i)
NUMBER?
TS THIS
CHARACTER A NO { 15 )
DECIMAL POINT'?
SET FLOATING
POINT FLAG
WAS CHARACTER
PRECEDED BY A BLANK, S (E%'
DECIMAL POINT, R NUMBERj
| {
WAS CHARACTER 1o
PRECEDED BY AN 'E!

{IFFAG « 1
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~-SUBROUTINE BKKIN (3)-

CHARACTER IS PART
OF NUMERIC FIELD

SET NHIGH

FIXED POINT .
NUMBER? N® @
I
BKKFX |
CALCULATE
BINARY VALUE

SF INTEGER
1

STSRE VALUE
IN DATA(NWORD)

(NWGRD < NST@P} N® < 99 )

|
NWORD «-
NWORD + 1

)

Iw < 802 Ne 1




~-SUBRSUTINE BKKIN (4)-

FLGATING POINT
NUMBER

Y CSDE TS
PROCESSED? J/

YES 201

DATA
CALCULATE

BINARY VALUE
OF FLOATING
PSINT NUMBER

STORE VALUE
IN DATA(NWSRD)

L

i NFL «0 |}

®

TYPE CGDE 15!!»

SCANTI
CALCULATE VALUE
SF TYPE AND
SEPARATE 6UT
VARY CSDES
1

L 1rac <0 |

®
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NON-NUMERIC
FIELD

STRING ENCLOSED
IN QUSTES. STORE
IN DATA ARRAY

CHECK T® SEE IF
STRING WAS TYPE
15 ID 6R LABEL

-SUBRSUTINE BKKIN (5)-

S,

NFL « O
IFLAG « O

1
( IS CHARACTER )
A QUSTE? Ne

BEGINNING GR

|exxeax]

PACK CHARACTERS
INT® DATA ARRAY

TYPE = 157%

BEGINNING

Ne

il

&

NQUO
<0

®

Ne

F-6

255

(SWSRD-NSTART = @-————@

NQUO « 1 56

FABLE
«~ DATA(NWSRD)




CHECK FOR

RESERVED WERDS (

-SUBRSUTINE BKKIN (6)-

—@

'NPAREN

«0

CHARACTER

= G DARENS

ENCLSSED BY
PARENS R QUOTES?

IS STRING

KEYWORD F€R

EBDIC SR BCD?
|

CHANGE
CHARACTER
SET

| IR <O

D— o)
——@
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©

NQUO = 07

T

WRITE OUT

STRING

T

NPAREN « O

P



-SUBRSUTINE BKKPAK-

NCT « NUMBER
SF FULL WERDS
T8 BE FILLED

NR « NUMBER
6F CHARACTERS
LEFT OVER

<NCT=0 :

PACK STRING
INT® NCT
WORDS -

4 CHARACTERS
PER WERD

NR = 02

PACK REMAINING
CHARACTERS
LEFT -
ADJUSTED

F-8



LESK UP

CHARACTER IN
EBDIC TABLE.

USE CGRRESPOND ING
DIGIT T® FORM
NUMBER

-SUBROUTINE BKKFX (1)-

NSIGN
«+ 1

1

‘ FIRST CHARACTER ’ ’.!ES—@
?

‘ FIRST CHARACTER > NG——@

NSIGN
-1

TTEMP < TABFX(JT)xM |
4+ ITEMP

©



CHARACTER FOUND
THAT WAS NeT A
NUMBER

-SUBROUTINE BKKFX (2)-

Jr = 10?

NO=——d JT « JT + 1

SUTFUT
ERROR
MESSAGE

[©

(T = VHIGH? Jmmed I < I + 1] 2A
1

ITEMP <«
ITEMP*NS IGN

F-10



-SUBROUTINE BKKFL(1)-

TEMP « O
SIGN «+ 1

NS

IS FIRST @
CHARACTER + OR &

22
NLOW « NLOW + 1
| N®
IS FIRST CHARACTER o0
A MINUS

SIGN «

s O,
®

SCAN NUMBER
FOR EXPONENT

PLUS SIGN? YES——@

12)
( Mmws SIGN?)

- LETTER E?

SET NEFLAG

N8 I
@_CSCAN FINISHED? Jouud

=
@

YES
CNEFLAG = 07

NS

YES

EXX 1,

—0
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LETTER E FSUND,
BUT N® SIGN

HIGHEST COLUMN
6F FRACTIGN

FIRST COLUMN
OF EXPGNENT

PLUS SIGN

FIRST CSLUMN
6F EXPSONENT

MINUS SIGN

-SUBRSUTINE BKKFL (2)-

NSIGN «1
I

NHIGH «
NEFLAG -~ 1

WK «
NEFLAG + 1

®

NSIGN <+ 1

NWK 1 + 1

WAS LETTER E
PRESENT ?

NO

NHIGH

NHIGH
« NEFLAG - 1

®
®

NSIGN ¢« - 1
MWK 1 + 1

(LEITER E PRESENT @ Jmmem

NHIGH
« NEFLAG - 1

®

P-12

—I -

IGH
— T - 1




EXPONENT T
BE EVALUATED

EVALUATE
FRACTION
IN COLUMNS
NL&W T8
NHIGH

-SUBRSUTINE BKKFL (3)-

O

EVALUATE
EXPONENT
DIGITS AND
STORE IN IWK

i

IWKxSIGN
EXX « 10

Q@

FIND COLUMN |
GF P
DECIMAL POINT

Q

EVALUATE
FRACTISN
AND STSRE IN
TEMP

TEMP <« TEMP
x SIGN x EXX
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TF N6 DECIMAL PSINT _ ﬂ

SR MSRE THAN GNE

FRROR
[ESSAGH



—~ SUBRSUTINE SCANT —

TYPE CGDE.
SEPARATE TYFE CSDE FegEgggﬂm
FROM VARY CSDES PETRT

STGRE
COLUMN IN
NHIGH, II

1

CLEAR
VARY ARRAY

BKKFL
EVALUATE
BINARY VALUE
OF TYPE CEDE
AND STSRE IN TEMP

BREAK UP
VARY CGDES

AND STGRE
IN VARY ARRAY

RETURN

F-1k



~SUBRSUTINE FITTIN (1)-

READ AND PRINT IR «0
TITLE CARD KOK « 0
]
_BKKINJ
READ
INDICATSR CARD

= 1

G s D—0)

= 0 NEW PROBLEM

INTTIALTZE
I1, IFLUSH,

N, BIND

INTTIALIZE
ISTO, LABEL
TIE, DATA

TRANTN

READ IN
DATA FSR SNE
ELEMENT

1
((ANY DATA READ IN?

F-15
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-SUBROUTINE FITTIN (2)-

UP ELEMENT INDEX
IV IV + 1
]
STORE VARY
CODES IN
VSTOR ARRAY

DOES ELEME!NT .
HAVE LABFL _

NWORD «
NWORD - 1
|
UP LABEL INDEX
ILAB « ILAB + 1
L LI ;

STORE LABEL
TN LABEL ARRAY
1
STORE ELEMENT
FWA IN
ISTO ARRAY

@

PREVERT
CHECK ON
TYPE ONE

FLUSH REST

Ao
NWORDS £ 5007 NO OF DATA
~
I

- IFLUSH « 1
! TYPE «

L DATA (I)

L.
‘DATAP 17) YES @

/" VERE EXPECTED
[ NUMBER OF

\ WORDS FOR THIS
TYPE READ IN?

F-16



FEWER WORDS READ IN

CHECK VARY CCDES FOR
THIS ELEMENT AND SET UP
TIE ARRAY

-SUBROUTINE FITTIN (3)-

N

¢

&)
(vaRY(K)

= 07)——YE

/A [For o
TYPE # 150 =%} wirn zmmos
AUTOMATIC o) | FIIL IN
( unzms REQUIRED? S UNITS
ERROR @
PRINTOUT .
©
WRITE OUT
EDIT OF
INPUT DATA
IS TYPE ____|ERROR
CODE IN RANGED‘NO MESSAGE EXIT

(19 @3)
YES—@—Nl ™ <—1\I+1.——@

VARY(K)
« 5-VARY(K)
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CHECK BIND ARRAY

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

RETURN TO FROCESS
ANOTHER ELEMENT

SET N1 TO ZERO SO NO
FITTING WILL OCCUR
FIRST TIME THROUGH

-SUBROUTINE FITTIN (L)~

HAS VARY CODE IN
Kth POSITION YES (::)
PREVIOUSLY BEEN

FOUND?
|
SET BIND
ARRAY
1

|N «NL «N +1|

@

Eﬁ(im) « N1xSIGN( VARY(K))

I=1+
NO(TYPE)
1

Il I -1
1
TF DATAP = 1, HAVE ALL
ELEMENTS BEEN PROCESSEDQ TES "'“.
HAS SENTINEL
<BEEN ENCOUNTERED? ) NO

NNSVE « N1
N1 «N «0O
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OUTFIT CALLS ELEMENTS
WHICH CALCULATES THE
R MATRICES FOR THE
ELEMENTS

DATAP = 1

READ IN THE CHANGES IN
THE DATA ARRAY FROM THE
PRECEDING PROBLEM

-SUBROUTINE FITTIN (5)-

TITLE I

PRINT TITLE
AT TOP OF
NEW PAGE

-

| OUTFIT l

CALCULATE
SYSTEM WITH
INITTAL DATA
AND PRINT
|

N1 « NNSVE
N « N1

O

WAS PRECEDING

OBLEM FLUSHED? /J
L

IMAX «
MAXIMUM
NUMBER OF
DATA WORDS IN

PRECEDING PROBLEM

PR )
| 1BRGIN 1

|

TRANIN

READ IN
DATA FOR
AN ELEMENT

SEARCH FOR
LABEL FROM
IBEGIN TO
END OF TABLE

1

F-19
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-SUBROUTINE FITTIN (6)-

el
/" HAS MATCHING
' LABEL BEEN FOUND ERROR
PREVIOUSLY FOR NO—= MESSAGE?'—_"()
THIS ELEMENT?

®

MATCHING
LABEL
FOUND

STORE DATA

FOR ELEMENT
IN PROPER PLACE

IN DATA ARRAY

STORE
VARY CCDES

l

IBEGIN «
ILAB + 1

SENT INEL -
ENCOUNTERED? —(: )
&0 TO 3 TO

REPROCESS DATA
ARRAY AND SET
UP TIE CODES

F-20



ENTER }
OUTFIT

-OUTFIT SUBPROGRAM-~

A

TYPE = DATA() |

ELEMENTS

USE i, DATA() T®
COMPUTE THIS ELT's
TRANSFORM MX

R()

A

PRINT "BEAM",..
3

NEW

—

USE TYPE T€
PRINT SPECIFIED
INFO. (e.g. BEAM MX.),

ELT, ©F TYPE 12?7

BOUT THIS ELT

ILLEGAL TYPE

21 DIFFERENT LEGAL TYPES (see below)

QE©:

USE SI() T®
PRINT €UT
BEAM MATRIX

IS NEXT

N©

ARB. BEAM INPUT,

NEW BEAM ©R PRINT
rms ADDITION ? 'ADD TO B.

EAM'

PRINT "ROTAT"...

PRINT "DRIFT"...

PRINT "BEND"...

PRINT "QUAD"...

PP

F-21

YES

PRINT VARY
CODES AND
LABELS IF
ANY

i=1i+ N&(TYPE)

FINISHED
WITH ALL ELTS?
i.e., isi2il?

PRINT
'LENGTH' ...

ETURN,

151081



~OUTFIT SUBPROGRAM (2)-

PRINT 'UPDATE'... sel

RINT 1AXIS SHIFT"...
PRINT 'ALIGN'...

USE (3, k) TO GET
THE QUANTITY THAT
WAS CONSTRAINED
BY THIS ELT.

j = DATA(i+1)
k = DATA(i+2)

PRINT 'ACC... @

sel ) Ky
4
B
R
USE FLAG CDB TO
1='Yl§E CDB = DATA(i+1) SELECT AUXILIARY
PRINTOUT g,
ANY | OTHER
VALUE
A}
w
sez

F-22

QUANTITY IS BEAM INTENSITY

QUANTITY IS SYSTEM LENGTH

QUANTITY IS AN AGS CONSTRAINT

QUANTITY IS R MATRIX ELT (j, k)

QUANTITY IS BEAM MATRIX ELT (J, k)

-
I
=
>
=
]._.

QUANTITY IS CORRELATION COEF, r,

e [

PRINT "FIT",.. {QUANTITY)...
I -

¢=)

PRINT "QUAD APERTURES"

PRINT "R2 TRANSFORM"
AND THE 606 R2 MATRIX

QEe:
USE Si() TO
PRINT OUT
BEAM MATRIX

RCO

USE RC{) TO

PRINT OUT 1st sez
OR 2nd ORDER

TRANSFORM MX.

151082



~OUTFIT SUBPROGRAM(3)-

ALSO TYPE 14

LPRINT 'MATRIX®

(B )

’ YES

PRINT 'BETA' ‘
PRINT 'DFIEID’ “-'

i
PRINT 'Pyyoc’ '
PRINT 'PARAM' | 502)
-

?—l !
PRINT 'G/2" L_@)
PRINT 'LENCTH' 502
IND "KLt 502)
.\ PRINT 'K2! (s02)
: ,\2 ﬁw*fl/Rl' 802
] h-.

3l

. | PRIV '1/Rer @
PRINT 'F¢T]I.T' 502




:

~-OUTFIT SUBPROGRAM( 4)-

PRINT
'2nd @RDER'

b d

PRINT
'S¢L¢'

SOL

/TYPE) [ PRINT

17, R¢|

S01)

1mo !

SOL)

F-2k



-ELEMENT SUBROUT INE-

ENTER
INITTALIZE:
INITIALIZE
VARIOUS
FLAGS, etc.
1S YES ’
TYPE<O ? wiee)| SKIP THIS ELT
NO i=1V6( TYPE)
\' '
IS THE EILT A
'PHYSTCAL' ELN TES
i.e. IS TYPE IN SET:
{2,3,1+,5,18, 19,%y
NO
IS THE ELT THE SET THE MUSMU
FIRST ROW OF AN ARB. MATRIX R(,) EQUAL
MATRIX i.e., is: TO IDENTITY MATRIX
MU=6 -lst order
TYPE=1L4) .AND. (
gTYPl ;élltg ) =L2-2nd order)
/‘ -\
——
NOTE THAT USE TYPE TO e
ELEM2 IS SELECT APPROPRIATE 21 DIFFERENT LEGAL TYPES
CALLED TO MATRIX CALC. ———— g (SEE BELOW)
CALCULATE \\\\ -
MATRICES \§§
FOR TILEGAL NS
11 < TYPE < 21 TYPE
-
F-25



-ELEMENT SUBROUTINE (2)-

UPDATE IS 18t WORD YES
IN DATA() BEYOND
'UPDATE' THE
BEAM THIS ELT = 0?
Ne
3
NEW VALUE FOR ADD TO PRESENT
BEAM RIGIDITY BEAM RIGIDITY
RI-DATA(i + 7)*UNIT ARI=DATA(1 +7WUNIT
A
NEW VALUE FOR BEAM ADD TO PRESENT BEAM
MATRIX 8K, ). MATRIX S, ). INCREASES
DIAGONAL ELTS GIVEN TO DIAGONAL ELTS (only)
FROM DATA (i+1...6) GIVEN FROM DATA (i+1...8)
OFF DIAGONAL ELTS<0

INIT1:

INITIALIZE SOME
VARIABLES, etc.

GET POLE FACE ROT. 1S [INTEGER YES SET UP AS
| ANGLE PART] $| ENTRANCE
B=DATA(i+ 1)* UNIT DATA(1‘+2)y POLE FACE
?
Ne
y
COMPUTE MX. R
1S [INTEGER SET UP AS FOR THIS ELT
PART] EXIT POLE (RI, n OBTAINED
DATA(i - 4)=4 FACE FROM ASSOCIATED
? 'BEND' ELT)
Ne
CALL CHEK T© SEE COMPUTE
IF INTERVENING VARS. FOR
ELEMENT IS A 13. | | POSSIBLE 2nd
4, IF NOT, AN ORDER USE
ERROR MESSAGE
1S PRINTED.
SET L =0
151083
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-ELEMENT SUBROUTINE (3)-

GET LENGTH OF DRIFT:

L=DATA(i+1y*UNIT
R(1, 2)=R(3, 4)=L

DO WE ADD A
RANDOM L?

i.e. IS RDL#0

YES (RARE)

GAUSSIAN

COMPUTE RANDSM
L WITH FREQ.
DISTRIBUTION:

exp(-X°/RDL)

A
L=L+ AL
R(1,2)=L
R(3, 4)=L

GET LENGTH, FIELD,

INDEX ©F MAGNET. CHANGE n SLIGHTLY
L = DATA({ + 1)* UNIT Bn=0orl TO PREVENT ZER® DIV
B = DATA(i +2)*UNIT EXACTLY?

n=n+10"8
n= DATA(i+3)
COMPUTE:
p=RI/B -
a=L/p RI = rigidity
2 2 (Note: JQ=115 ©NLY ©PTION
= (1-n)/p NOW WORKING. USE
'Z R@' ELT TO CREATE
VERTICAL BEND)
FOCUS j=1:
COMPUTE

HORIZ. MX. ELTS.
(ALLOW FOR NEG. Kz)

COMPUTE
PATH LENGTH,
MOMENTUM MX. ELTS.

FOCUS j=3

COMPUTE
VERTICAL MX. ELT
(ALLOW FOR NEG. K“)

151084
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~-ELEMENT SUBROUTINE( 4)-

GET LENGTH,FIEID,
APERTURE OF QUAD:

L=DATA(1 +1)*UNIT
B=DATA(i +2)*UNIT
AP=DATA(1 +3)*UNIT

F-28

DO WE ADD A
RANDOM AB?
i.e. IS RDBfO

v

GAUSSIAN
COMPUTE RANDOM .
AB WITH FREQ.
DISTRIBUTION:

exp( -X"/RDB)
A

B=B+a4B

K2=B/(AP .RI)

FOCUS: j-1
COMPUTE HORIZ.
MX. ELTS
(ALLOW FOR
NEG. KZ) /

K2=-B/ (AP.RI)

(

FOCUS: j=3
COMPUTE VERT.
MXJELTS (ALLOW

——————— \FOR NEG. K°)
HAVE WE SELECTED =
"QUAD APERTURES"? /| / DQA:
YES(RARE) CLIP BEAM TO
NO FIT GIVEN
APERTURE
X ]

DO WE HAVE NON-ZERO
CENTRAL TRAJECTCRY?

i.e. IS SIP § RIP£O

NO

SET:
SIP=0

EL1

[P

SECORD:

OBTAIN ( .|%.) TERMS,
THEY ARE NOW lst
ORDER WITH X. REPLACED
BY CENT. TRA3.

FOLD INTO R(,) THE
EFFECT OF NON-ZERO
CENT . TRAJECTORY




GET CONTROL
FLAGS FOR
UPDATE:
JA=DATA(1+1)
K=DATA(i +2)

IS JA=0?

THE JA¥ 0 CASE WAS AN
ATTEMPT TO CALCULATE
THE EFFECT OF A SLIT.
IT IS GENERALLY
PHYSICALLY WRONG.

-ELEMENT SUBROUTINE (5)-

UPDATE:

'UPDATE' THE
BEAM

UPDATE:

'UPDATE' THE
BEAM

COMPUTE EFFECT 6N
BEAM MX SI(} ©F A SLIT
IN COORDINATE JA WIDTH
K*UNIT

UPDATE THE
| R1 MATRIX

ISK=07

Ne SELECT R2 MX:

SET T© INITIALIZE

SET R2 PE=1

R2 MX:

R2P=0

CLEAR ALL PARTIAL
DERIVATIVE ©F R2
MX ELEMENTS W.R.T.
ANY PARAMETERS:

R2VP=0

UPDATE

'‘UPDATE' THE
BEAM

GET VALUES FOR
CENTRAL TRAJECTORY

CO(1)=DATA(i+1}*UNIT

CO(6)=DATA(i + 5)*UNIT

SHIFT:
IE_S1P#0, ADD

06 T® PRESENT
CENTRAL TRAJ.
ELSE REPLACE

F-29
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~MISALIGNMENT-

GET MISALIGNMENT

VECTOR @ DATA(i+1)*UNIT 1
DATA(i +2)*UNIT 2
_ DATA(i+3)*UNIT 1
= DATA{i+4)*UNIT 2
DATA(i +5)*UNIT 1
DATA(i +6)*UNIT 2

—

TYT = 3 DIGIT MISALIGNMENT CODE =DATA(i+7)

)

NO /18 THE FLAG TMK TRUE
i.e., - WAS THERE A PRECEDING 13. 2ir. CARD?

)YES (RARE)

DEFINE MATRICES A, A

FOR MISALIGNMENT PI¥OT
POINT AT ENTRANCE FACE
OF MAGNET(s)

NOTES: IN PROGRAM LISTING:

™ IS DENOTED BY VM()
A, 18 " " CTQ(,)

A IS " " CT(, )

-SUBROUTINE TFL USES
ACCUMULATED MATRICES
&(ir,,) AND VECTORS XO (ir, , )
TO CALC A(,).

~-SUBROUTINE RESET (ir)
INITIALIZES THESE ARRAYS.

~SUBROUTINE ADVANCE (ir)
ACCUMULATES THESE ARRAYS.

-ON 13. 2ir. CARD, ir=1,2,3
FOR R, RC, RC2 CASES
RESPECTIVELY.

~IF TENS DIGIT OF TYT

18 xIx. THEN matrix A is
taken = (0) (this is executed
by subroutine TFL).

TMK <— FALSE

y

DEFINE MATRICES A, A

FOR MISALIGNMENT PIVOT
POINT AT POINT ON CENTRAL
TRAJECTORY OR PRECEDING

13. 2ir. CARD.

v v

( LOOK AT UNITS DIGIT OF TYT:

OTHER

xxl.
LEM'ENTS

MAGNET SINCE LA

R1 UPDAT

SELECT SELECT:
Z(,)=(A-RA\) Z(,} = (A-RC- A))

I

ALL ELEMENTS

SINCE LAST R2 UPDATE

S8ELECT
%)= (A-RC, - Ag)

v

GOOK AT HUNDREDS DIGIT OF TYT)

SHIFT:

SHIFT OF:
zZ ™

CAUSE DEFINITE

IN BEAM CENTROID

ADD TO BEAM MX AN
UNCERTAINTY DUE TO
MISALIGNMENT: {.e.,

oeo+ Z(m,mT) zT

F-30
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-ELEMENT SUBROUTINE (6)-

DECREASE 1
s XE8 COUNT ON TOP
DATA{i+1)=0 1END OF OF PUSH-DOWN
REPEAT BLOCK' STACK 1C()
DELIMETER
Ne
RESET DATA(*)
PUSH STACKS K(), REMOVE TOP-MOST | YES POINTER i TO VALUE
1% ) DOWN 6NE LEVEL VALUES FROM PUSH- IS THIS COUNT AT TOP OF PUSH-DOWN
== DOWN STACKS IC(), 18() - 07 STACK 1)
NEW VALVES AT TOP: @
IC() = DATA(1 +1)

L = DATA({+1) * UNIT USE TO COMPUTE

DUM=AE =DATA(i+2) * UNIT ACC SECTION .(: )
WORK=¢=DATA(143) * UNIT ”| MATRIX R

TAMBOWA = DATA(i +4) * UNIT (RELATIVISTIC)

PRINT TRANSFORM R1 MATRIX

LOAD S{{BEAM MX)

@ WITH OFF-DIAG TERMS
G I i e
81, = DATA(i+n)x [sxj jm‘d‘]

PRINT TRANSFORM R2 MATRIX

PUNCHR,T
MATRICES

TURN OFF AUTO
BEAM PRINTOUT:
NOR = FALSE

SET FLAGS AS
PRESCRIBED
BY CDB

NOR = TRUE

GET OUTPUT
CONTROL CODE
CDB=DATA(i+1)

TURN N QUAD
APERTURES:
CAP=1

=20, 21, or 22
(RARE)

CHANGE TO 1,2,3 RES. TFL
USE TO RE-ORIENT SET UPDATE SET ALIGNMENT
ALIGNMENT MATRICES: TYT=0 ALIGNMENT FLAG TMK=1
X0 MATRICES
0
151087
F-31



-ELEMENT SUBROUTINE (7)-

GET ARB. MX
ROW NUMBER:
jl= DATA® +7)

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

IS 1st WORD
BEYOND DATA (i+7)
=0 ?

(2nd ORDER TERMS
TO FOLLOW)

GET THE 21 2nd
ORDER MX. TERMS
FOR THIS ROW
FROM DATA (i49)
THRU DATA(i+31)

IS NEXT ELT ALSO
OF TYPE=14?

NO (ARB MX. IS COMPLETE)

GET:
TYPE OF UNIT CHANGE:

CONVERSION FACTOR

j = DATA(i+1)
ALFA REP OF NEW UNIT DIM(j) = DATA(1+2)
= DATA({+3)

CHANGE ALL UNITS
IN UNIT() DEPENDENT
ONj

F-32

UNITO()
UNIT()

IF 'BLANK' TYPE

15 CARD, CHANGE
BACK T@ STANDARD
UNITS

SET OF STANDARD UNITS
(UNCHANGEABLE)

SET OF USER-CHANGEABLE
UNITS, INITIALLY THE SAME
A8 UNITO()

151088



-ELEMENT SUBROUTINE (8)-

GET VARIABLE
CHANGE CODE WD:

FDATA (i+1)

DATA(i +2)
1S THE NEW VALUE OF THE
VARIABLE SELECTED BY j

\

(SEE TRANSPORT MANUAL FOR TABLE OF
j v8, SELECTED VARIABLE. e.g.
IF j=1 THE DATA(i+2)
IS 8, THE 2nd ORDER MAGNET
HOMOGENEITY COEFFICIENT)

SETMOM:

INITIALIZE
3rd, 4th ORDER
PORTIONS OF
42042 MX.

SET
SECOND
ORDER

FLAG:
sS1p

SET MX.
> SIZE FOR '(:: :>
2nd ORDER:
MU=42

GET SEXTUPOLE
LENGTH
L=DATA(i + 1)*UNIT

)

COMPUTE 1st

——7J» ORDER SEXTUPOLE
MX. (same as drift)

GET SOLENOID
LENGTH, FIEDL

B=DATA(i +2)*UNIT

p|{ COMPUTE:
L=DATA(i+ 1)*UNIT k=B/RI

F-33

COMPUTE

1st ORDER
p——){ SOLENOID |
MATRIX R

151089



~-ELEMENT SUBROUTINE(9) -

GET ANGLE OF

Z ROTATION
TH=DATA( i+L)*UNIT

T WITH FREQ.
DISTRIBUTION

exp( -xf/m)

TH=TH + AT

COMPUTE FIRST
ORDER 'Z Ro' |
MATRIX R

RV

IL =0

e

()




~ELEMENT SUBROUTINE (10)-

PRESET:
™ = 0 (MISALIGNMENT VECTOR)

R(,) =IDENTITY MX

j = DATA(i+1) (ASSUMED = 4. or 2.)

PRESET MISALIGNMENT
CODE FOR 'DEFINITE

DISPLACEMENT AND NO
RETURN' i.e., TYT = 010

PRESET MISALIGNMENT
CODE FOR 'UNCERTAINTY
AND RETURN' i.e.,

TYT = 000

IS DATA(i+3) S 0?

l \

Gs DATA(i+3) = @

SET
m(j) = DATA(i+2)

SET [

m(j) = DATA(i+3)J

4

SET

m(j) = DATA(i +2)+

GAUSSIAN DISTRIBUTION WHOSE HALF

RANDOM NUMBER SELECTED FROM A }
WIDTH AT HALF MAXIMUM IS DATA(i +3)

A 4

ADJUST m(j) TO ACCOUNT FOR BEAM

MOMENTUM RIGIDITY

@ USE MISALIGNMENT TO
CALCULATE EFFECT OF m

1510810
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-ELEMENT SUBROUTINE (11)-

ADD SMALL NGN-ZERO MASS
CORRECTIGN TO A PATH
LENGTH MX. ELMT.

YES

SECORD

~COMPUTE ALL
2nd ©RDER MX. ELMTS
FOR THIS ELT

SET: IS THE \
~G1P= FALSE 'UPDATE' FLAG YES N ngfnm UE
RCP=TRUE (UPDATE RCP=TRUE? (N® UPDATE
CASE) CASE)
START A FRESH ACCUMULATE
TRANSFORM MX. RC TRANSFORM MX. RC
RC ~— R RC~—RC- R
CALL
ADVANCE
SET: Ne IS THE R2 YES SET
C3P=FALSE 'UPDATE' FLAG cap
R2P=TRUE (UPDATE R2P=TRUE? (Ne R2 =TRUE
CASE) UPDATE
CASE)
Y
START A FRESH R2 ACCUMULATE R2
TRANSFORM MX. RC2 TRANSFORM MX RC2
RC2— R RCZ —RCZ- R
i
L -
SET:
TYP1=TYPE

ACCUMULATE SYSTEM LENGTH:
LC -~ 1LC+L

F-36

(USE SUBROUTINE CAB)
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INITIALIZE

COUNTERS
CO=1
Cl=2

PRINT
'CORRECTIONS!

ENTER
SOLVE

FORM:
BY RUNNING THRU
DATA(), FORM THE
NORMAL EQUATIONS
USING CURRENT VALUES
FOR PARAMETERS

INQ:
INVERT THE NXN
MATRIX REPRES ENTING
THE NORMAL EQUATIONS

OK=1

i

A

ARE ALL THE CORRECTIONS
INSIDE THE HYPERCUBE
WHICH CIRCUMSCRIBES THE
COVARIANCE ELLIPSOID

~SOLVE SUBPROGRAM-

NOTE: THAT FORM CALLS PARTLS
WHICH CALLS ELMENT

CA() - CONTAINS NORMAL EQUATIONS

CA() - NOW CONTAINS INVERSE

NO
| SET: OK=1

COMPUTE STD DEV:
= Y(RESIDUALS)*/N

t

(NEXT INTER) ( IS STD DEV < - 9*PREVIOUS STD DEV?

NO (No

IMPROVEMENT)

ADVANCE Cl:
Cl=Ci+1

CLEAR C1:
Cl=0

YES (IMPROVEMENT)

‘ v

SET: Si=STD.DEV. (TO BE
USED NEXT ITER)

A
| PRINT (' CORRECTIONS')'—J

ALTER:
ADD THE CORRECTIONS
TO THE SPECIFIED
PARAMETERS
OF THE SYSTEM

ISOK=0?

NO

ADVANCE CO
CO=CO+1

A
NO IS: CO<10
or C1< 2

YES
D——bl PRINT 'FAILED'

SET:
SOLVE=0

F-37
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-SOLVE SUBPROGRAM (2)-

PRINT:
< : >'——" 'COVARIANCE' {STD DEV OF FINAL ITER)

PRINT NXN COVARIANCE MATRIX IN TRANSPORT
TRIANGULAR FORMAT:

. snwl/2
cov, = (cAG, I/
CA(i
CORELATION; = GO, *60V,
j=2,3,4...N+1
i>j
SET
SOLVE =1
FORMAT OF ARRAY CA(,)
AFTER FORM, BUT BEFORE INQ AFTER INQ
1 200000 (N+1 1 2e¢e0see (N+1
1 0 0 0 1] S {escecscovocee
2 21A
. ol 71
. .
4 MATRIX ON . A2
. LEFT SIDE OF °l . COVARIANCE
NORMAL EQNS . MATRKX
L]
Ay
(N+1) (N+1)
COLUMN VECTOR ON RIGHT S = SUM OF SQUARES OF THE LEAST SQUARES RESIDUALS

SIDE OF NORMAL EQUATIONS
Ai = CORRECTION FOUND TO ith PARAMETER

1510813
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-FORM SUBROUTINE-

CLEAR (LOWER
ENTER } g?ﬁl‘g%?fnpf&i 3 (NOTE:MATRIX CA(, ) IS CALLED A(,)
FORM { — | o s IN THE LISTING OF THIS SUBROUTINE)
SET M1=0

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

PARTIAL:

GO THRU DATA() TO
ACCUMULATE FOR
EACH CONSTRAINT

AND EACH PARAMETER:

3 (CONSTRAINED QUANTITY)

- 1
S(PARAMETER) A(MZ, N'+1)
(DESIRED - COMPUTED VALUE OF CONSTRAINED
QUANTITY) - A(MZ, 1)
WEIGHT ATTACHED TO THE CONSTRAINT
= W(M2, M2)
NOTES: M2 IS AN INDEX RUNNING THRU
THE CONSTRAINTS
N' IS ALL INDEX RUNNING THRU
THE PARAMETERS.
COMPUTE LOWER TRIANGULAR PART IN TRANSPORT, W(, ) IS ALWAYS
OF THE (N+1) X (N+1) MATRIX CA: A DIAGONAL MATRIX
cA=aTwa

SINCE: { A is an M X (N+1) MATRIX,
W is an M X M (diagonal) MATRIX
ﬁis an (N+1) x M MATRIX
THEN  CA is an (N+1) X (N+1) MATRIX

WHERE: N = # PARAMETERS
M= # CONSTRAINTS

COMPLETE THE (SYMMETRIC) MATRIX CA BY
FILLING UPPER TRIANGULAR PART WITH
LOWER TRIANGULAR PART. MATRIX CA
NOW LOOKS AS SHOWN ON LEFT OF PAGE 2
OF SOLVE SUBPROGRAM FLOW CHART

1510814
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~ALTER SUBPROGRAM-

ENTER
ALTER

1=1

(M IS RUNNING INDEX THRU THE CONSTRAINTS)

FROM
PAGES
BELOW

PAGES

FROM
BELOW

}

TYPE = |[DATA(i)| |

YES
DATA(}) < 0 ?

VARY = TIE [jth PARAMETER OF ELT IN DATA(})] —l

YES

THIS (PARAMETER
IS VARY =0 ? 4
NOT T BE VARIED)

\

NO

COMPUTE CORRECTED VALUE OF PARAMETER:
X1 = DATA(i4j) + SIGN (VARY)*CA(/VARY|, 1)

S1= 5[NATURAL LOWER LIMIT FOR THIS PARAMETER
OF THIS ELT, AS GIVEN IN LIMIT? ARRAY)

YES {(N® LOWER LIMIT GIVEN F6R

ISSI=07?
/ THIS PARAMETER)
Ne

<

DE = NATURAL LOWER LIMIT FOR THIS PARAMETER
©F THIS ELT, AS GIVEN IN LIMIT! ARRAY

18
X1 < (DE + 2 8
?

NO (LOWER LIMIT
NOT EXCEEDED)

YES (LOWER LIMIT EXCEEDED)

X1 = MAX (X1, DE)

'SOFTEN' THE C ORRESPONDING
CONSTRAINT SOMEWHAT : |

A(M+1, 1) = (DE + 281-X1)/SL

F-%0

(j 18 RUNNING INDEX ©N POSSIBLE PARAMETERS
FOR THIS ELT)

(SEE FORM SUBROUTINE FLOW CHART
FOR DESCRIPTION OF A(,) MATRIX)
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FROM
PREV
PAGE

}

~ALTER SUBROUTINE (2)-

¢

SI =5 [NATURAL UPPER LIMIT FOR THIS PARAMETER

OF THIS ELT, AS GIVEN IN LIMIT* ARRAY

ISSI=07?

)

YES (NO UPPER LIMIT GIVEN

FOR THIS PARAMETER)

NO

DE = NATURAL UPPER LIMIT FOR THIS PARAMETER

OF THIS ELT, AS GIVEN IN LIMIT3 ARRAY

FROM

(PREV }
PAGE)

L\ NO (UPPER LIMIT

IS
X1>DE-281 NOT EXCEEDED)
? y
YES (UPPER LIMIT EXCEEDED) 6

X1 = MIN(X1, DE)

'SOFTEN' THE CORRESPONDING
CONSTRAINT SOMEWHAT:

A(M#1, 1) = (DE - 2 SI-X1)/SI

TO ASK:

LOOP?

USE VA2, VAL

IS [IVARY| > THAN
CORRESPONDING VALUE
LAST TIME THRU THIS

NO

ADVANCE CONSTRAINT
POINTER M TO NEXT
CONSTRAINT:

M = M+l

3

CHANGE ALL PARTIALS
OF THE VIOLATED
CONSTRAINT TO ZERO
EXCEPT

8Cm —
N vary|

CHANGE WEIGHT OF
VIOLATED CONSTRAINT

WM, M) =1

F-41

(+IF VARY > 0
- IF VARY < 0)
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-ALTER SUBPROGRAM (3)~

PREV
PAGE

STORE CORRECTED
PARAMETER VALUE:

DATA(i#) = x1

PREV 4
PAGE
l A

ADVANCE j:
1=1+1

(5 ———(s)
i > NV(TYPE) ? (GO BACK)

YES (FINISHED WITH THIS ELT)

A

ADVANCE TO NEXT ELT
i =1+ NO(TYPE)

FINISHED WITH
ALL ELTS?
i.e., IS i} i1?

RETURN

F-l2

NV() - ARRAY GIVING # PARAMETERS

FOR EACH ELT, ¢.g., TYPE=6
(QUAD) HAS 2 PAR's
S0: NV(5)=3

1510817



-PARTIALS SUBROUTINE-

ENTER i=1
PARTIALS TYPE=DATA(I)

A

ELEMENT:

USE TYPE, DATA()
TO COMPUTE THIS
ELT's

TRANSFORM MX R()

PAGES OF THIS

FROM OTHER }
SUBR.

USE TYPE TO SELECT
THOSE ELTS. REQUIRING
PARTIAL DERIVATIVE
CALC's OR OTHER
TREATMENT AT THIS
POINT

ILLEGAL TYPE

b 4
PHYSICAL TYPES:
ELEMEN PAO 2,3,4,5
11,14,18
19,20
RCV(, , N)JCONTAINS %L}f‘il
N
N=1 WHERE: RC{,)IS ACCUMULATED

TRANSFORM MX.

R(, ) IS MX. FROM
ELEMENTS
A 4
HAS A, BEGN ENCOUNTERED IN MX. RC
UP TO' THIS ELT? i.e., IS RVP(N) o

)‘N IS THE Nth PARAMETER

INDEX N RUNS THRU THE
PARAMETERS UP

YES TO N1=TOT. NUM-
BER OF PARAM-
ETERS.
FORM:
slrd.
X
N

HAS A,, BEEN ENCOUNTERED IN MX. RC;
UP TO' THIS ELT? i.e., IS R2P¥0?

A

FORM HALF OF PROD.
a[RCy)
3 AN

RCV= R

1510819
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-PARTIALS SUBROUTINE (2)-

@

rW'I

FROM
NEXT
PAGE
Y

Nz'TIE (JVth POSSIBLE PARAMETER OF ELT IN DATA({))

h 4
WAS THE JVth POSSIBLE PARAMETER OF ELT IN DATA(j)
SELECTED TO BE VARIED ?
Loy BN, 402 /(m:xu‘ POSSIBLE PAR)
YES

Y

CONTINUE TO CALC
MAX, # PERAMS:

N1 = MAX(N1, N2)

/\
\ 4

USE TYPE TO SELECT

APPROPRIATE PARTIAL TYPES CORRESPONDING TO
DERIVATIVE x+) PHYSICAL EL
CALCULATION TO GET: E > 8:
BR 2,3,4,5, 11,14, 18,19, 20, 6,8
RV(,) =
OTHER TYPES
{IMPOSSIBLE }

(CALL PART 2) CALC PARTIAL:
TYPE) ' aR
2 IV =1: JROT ANG)

(CALL PART 2) CALC PARTIAL:
TYPE > oR @
= IV =1: HLENGTH)

1510818
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TiFE CALL PART2

\_.

CALL PART2

CALI, PART2 ——

-SUBRGUTINE PARTLS(3)-

.. OR
Jv=1: X<
JvV=2: g—fﬁi

’ JV=1:

oR
S(BEAM INTENSILY)

NO

@ 1S HUNDREDS D

IGIT OF 3 DIGIT ALIGN Cé&DE

?

YES

TYPE
=14

CALL PART2

CALL PARTZ2 ———

Jvfe: %ﬁ-

JV=1l is illegal
L may net be varied

PAL

PA3

CALC PARTIALS FeR DEF, DISPL CASE:
—

||

a{cm\ITRAL TRAJECTGRY] 3(7 )
o mJV on TV

CALC PARTIALS TOR UNCERTAINTY CASE3

52— = G |2
JV JV

- -
- ~

RAISE Svp() FLAG
FOR PARAMETER m

Jv
IS SVP(N2)=1
12 NOTE: Z IS THE 6x6 MATRIX
JV=L AND R IS THE 6
RV. VECT®R DESCRIBED
I,dv= UNTTy ABGVE eN FLOW CHART
UNIT ; FOR THE 8-TYFE
- BRANCH IN SUB-
ROUI'INE ELEMENTS
JV=1: g_% — m REFERS T© THE
PA1 JVth COMPENENT OF
gvee: B .
=2 ST'I- .

F-45



-PARTIALS SUBROUTINE( 4)-

O

g Mt e v S e S s

N L
N,=ABS(TIE[JVth POSSIBLE PARAMETER OF ELT IN DATA(i)

WAS THE JVth POSSIELE PARAMETER OF ELT IN DATA(1) \ YO

SELECTED TO BE VARIED?

i.e. is N, # 0?

YES

CONTINUE TO CALL
MAX # PERAMS
N1 = MAX (N1,N2)

CALC PARTIAL:
JV=1 thru 6:

BBEAM_O
5 =

EXCEPT FOR THE (JV,JV) ELEMENT
THIS=2¥SI( JV,JV)*UNITS

b e

N

SET BEAM MATRIX-TYPE
PERAMETER A 'ACTIVE!
IN BEAM MX, FITTING
SYSTEM

SVP(N2)e 1

e N

NO

F-46



-PARTIALS SUBROUTINE (5)-

GET CONSTRAINT
KIND FROM
DIGIT x WHERE:
10,x
x = 0 USUAL
x = 1 UPPER ONE-S[DED CONSTRAINT
X = 2 mWER " " 1t

GET:
j = DATA(f+1)

NOTATION:

W = WEIGHT OF CONSTRAINT
RHS = RIGHT SIDE OF CONSTRAINT
P = PARTIALS w.r.t. ALL THE

PARAMETERS

k = DATA(1+2)
DEO = DATA(i +3) = DESIRED VALUE
SD = DATA(i +4) = STD. DEV.

} = CONSTRAINT TYPE

v

ADD 1 TO CONSTRAINT
COUNT:
M2 = M2 +1

DETERMINE
CONSTRAINT TYPE
USING (j, k):

INTENSITY CONSTRNT:
W = (DEO/SD)? !
RHS = LOG(DEO) - L

P FROM IV()

LENGTH:

W = (1/SD*UNIT)?
RHS= (DEO*UNIT-LC)
P= FROM LCV()

R2 MATRIX

W = (1/SD*UNIT)?
RHS = (DEO-RCZ,)

T FROM R2VPy,

AGS CONSTRAINT
W = 1/(27 SIN(@27 » DEO)SD)?

RHS = 2 COS(27 * DEO~(RCy;+ ROy ))
P = FROM: [RCV +ROV

G r—

R MATRIX CONSTRAINT
W = 1/(SD*UNIT)?
RHS = DEO-RCy,

P = FROM ROV,

F-l7
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-PARTIALS SUBROUTINE (6)-

UPDATE

'UPDATE' THE
BEAM

DIAGONAL BEAM
MX. ELEMENT ?
i.e., is F=k?

NO

YES

DIAGONAL BEAM MX. ELEMENT CONSTRAINT:
W = 1/(2DEO- SD+ UNITS)®
RHS = DEO*-(SI,-CENTRAL TRAJECTORY.)
P= FROM [8Vy- $x (CENTRAL TRA’JECTORY)]

NO

(COREL) ie., 1IS§ > 107

ARE WE IN 'COREL‘X
J

(BEAM)

CONSTRAINT ON CORRELATION COEFF:
_ 2
W= [stjk/ [sn VSIJ.J.- s;kk' ]]
Rus=(2E0_ vv7)/ vy
V..
—u
T, T

(5 =)

N 8v,
P = FROM X -1
S‘,k z

CONSTRAINT ON OFF DIAGONAL BEAM MX ELEMENT:
w =1/(sp*unITy?

RHS = (DEO- (8L, -
B - FROM (sV,, -

CENTRAL TRAJ, * CENTRAL TRA.Tk))

.
& [CENTRAL TRAS, - CENTRAL THAY, A

COMMON
RETURN

PT.

CLI:

IF IT WAS A ONE-SIDED

CONSTRAINT, AND BOUNDARY

NOT VIOLATED, THEN REMOVE / VIOLATED
CONSTRAINT.

NOTATION:

Sl = BEAM MX.

3 8L,
SViaen = FX;IL

RC = TRANSFORM MX.
ARC,

"™ TR

RC2 = "R2" TRANSFORM MX.
C2| K
R2VP,

jkN‘TX'.'L

N
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-PARTIALS SUBROUTINE (7)-

Ne
<0?

{ IS N2

'ANTI-VARY' CASE:

CHANGE SIGN ©F PARTIALS
JUST CeMPUTED:

YES

i.e., is C1P=FALSE ?

L

R
N2 = |N2|
A
DID WE RESET
FRESH PARTIAL MX. | yes / TRANSFERM MX.R CONTINUE T® ACCUMULATE PARTIAL MX.
R LAST TIME THRU _ JlRcvl 3R
RCVN2 = -SX-NZ ELEMENT RCVN2 = ﬁz— « R+ RCVSX]E

—

™

A

SET PARAMETER
N2 'ACTIVE!
RVP(N2)«—TRUE

IF R2P = TRUE

NEeTE: SEE LAST PAGE ©F

FLOW CHART FOR

DID WE RESET TRANSFORM

RESH PARTIAL MX. CONTINUE T® ACCUMULATE PA MX.
F ‘R YES [ MX. R2 LAST TIME THRU v o RTIAL
R2VE,, = ELEMENT ? RIVP,, = «R+R2V -
N2 T 3A N2 T 3A by .
N2 i.e., IS C3P = FALSE? N2 N2

L

o

SET PARAMETER

N2 'ACTIVE' IN R, CONTINUE T® ACCUMULATE PARTIAL:
MX SYSTEM. 3{@VERALL SYSTEM LENGTH)
RZVP(N2)+—1 Az

]

|

FROM

()

PAGE

NEXT PGSSIBLE PARAMETER:
JV eIVl

FROM l1st
PAGE OF
THIS
SUBROUTINE

PA3

4 Ne
1S JV > NV(TYPE)
YES
( sTYPR

i=I1+N&TYPE)

E=35

.e., CAP#£0?

HAVE WE SELECTED
QUAD APERTURE'

DQU, DFeL

PARTIALS MUST BE
READJUSTED IF QUAD
APERTURES ARE CLIPPED

-

ELEMENT SUBROUTINE

REFERENCES TO C1P, C3P

FINISHED WITH ALL ELTS R
i.e., i8i2i1°?
Ne

1510822
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CHECK DATA FOLLOWING
POLE FACE ROTATION TO
SEE IF IS A BEND OR A
PRINTOUT REQUEST

NO BEND FOUND.
CHECK PRECEDING
DATA

IMPROPER
ELEMENT

-SUBROUTINE CHEK(1)-

e
i i

SET CKK
CKK «1.

s

JJ « 2

2804

( DATA(I+JJ) = 4. ——VES 282

NO

( DATA(I+J7) = 13.7 )—NO 285

l
(33 = 100 }—{ J3as+2

( paTa( I+JJ) }—YES—.
DATA( I+JJ- 2) = b.? YES
e

(DATA(T+37) = 137)- NO 281

ERROR
MESSAGE
CK « 0,

{ RETURN

F-50



FIEID

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

-SUBROUTINE CHEK(2)-

JJ « JJ-2

B « DATA( I+JJ+2) XUNIT

9

—

NB «
DATA( I+JJ+3)

i

i

F-51
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-SUMMARY-

MATRIX FORMAT

SI:

1 2 3 + + NV (NV+1) NV=6 (FIRST ORDER RUN)
=42 (SECOND ORDER RUN)

L jk

NV

(NV+1) |CENTRAL TRAJECTORY

FLAGS:

S1P:
CENTRAL TRAJECTORY
IS NOT IDENTICALLY=0 1510823
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BEAM TRANSPURT SYSTEM FOR SLAC BEAM SWITCHYARD END STATION A [II

1

THE SECCND STEP TO FITTING
DOUBLET,dJl,
THE EXIT OF THE SYMMETRY QUAD,Q2s AS

ACHRCMATIC CCNDITICN,

1.0C000

13.CC000

4.00000

2.0C000

13.000c¢0

3.CC000

13.0C€000

5.0C000

VARY CODE

LABEL
3.CC000

5.00000

VARY CODE

LABEL

13.00000

9.00000

3.0c0c0

2.00000

4.0CC0O0

2.00000

9.00000

13.CG000

3.00000

VARY CCDE

LABEL

5.0C000

VARY CODE

LABEL

[S TO ALLOUW THE FIELDS OF THE FIRST QUAD

TC VARY AS WELL AS THE SYMMETRY QUAD IN ORDER TO GET AN IMAGE AT

C.30CC0
2.00C0C0
5.00CCO
C.50000
1.0C0C00
8C.0CC00
1.00000
2.00000
010C00
Ql
Z2.00000
2.CC000
0100C0O
[}
1.00000
4,00000
1.000¢C0
1.50000
3.,00C0C
1.50000
C.0
1.00C00
25.70565
900000
DR1
2.00000

010000
C2

0.1000C

1.4550C0

-2.20CCC

2.40000

14.550CC

3.59518

0.300C0

C.C

5.C0000

5.C0000

Cc.C

15.C0000

WELL AS THE PREVIOUSLY MENTICNED

0.10000 0.30000 1.00000 25.00009
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13.C000¢C

10.00000
LABEL =

10.00000
LABEL =

13.00000

3.00000

VARY CODE

LABEL =

13.00000

9.C0000

2.0C0C0

4.CC00C

2.00000

3.0C0CC

9.CC00C

13.00000

10.0C0C0
LABEL =

10.00000
LABEL =

13.0C000

5.00000
LABEL =

3.0C000

5.0C000
LABEL =

1.00000

=-1.00000
FIT1

-3.,00000
FIT1

4.,00000
24429425
400000
CR1
1.00000
4.00000
1.500G0
3.00C00
1.50C00
1.00000
C.0

1.0CC00

-1.0000C0
FIT2

-2.00000
FIT3

4.00000

2.00000
Q3

2.0CC00

2.00000
Q3

3.00000 20C.00CCO

13.0C000

-10.00000

VARY CODE

LABEL =

-10.000C0O

VARY CODE

LABEL =

13.00000

1.00000

1.0C000
200000
FIT4

3.00000
200000
FIT4

4.,000C0

2.00000

4.,000C0

14.550CC

6.CC000

6.,00000

~1.9C0C0O

l.CCOCO

3.CC0OC0

0.0

0.0

0.0

5. C000C

5. 00000

4.C0000

1.50000

0.00100

0.00100

0.C0100

0.C0100

0.10000

0.10000
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13.CC000

5.0C000
LABEL =

3.0C000
13.000C0

5.0C000
LABEL =

13.0C00C0

3.00000

13.0C000

-10.00000
LABEL =

-10.00000
LABEL =

-10.00000

VARY CODE

LABEL =

-10.0C000

VARY CODE

LABEL =
13.00000

SENTINEL

1.CCCo0

2.00C00
Q4

2.00000
1.00000

2.00000
C4

1.00C00

15.00000

1.00C00

2,00000
FITS

4.00000
FIT6

1.00000
200000
FITY

3.00000
200000
FIT?7

4.00000

4.5CCCC

-4.2C000

l1.Cc0CO

3.CC0GO

l.CCocC

3.0C0000

5.0000¢C

5.00000

CeC

C.C200¢0

0.C2000

0.00100

0.00100

0.Cl000

0.ClC00
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BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATICN A I1

*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 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 5.00000 M 1.455 KG 0.0000 ( 0.500 D )
*ROTAT* 2.0 0.50 D
5.0 M 0.0 0.305 CHM
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 8C. 0000 M
85.0 M 0.0 1.153 CM
0.0 0.133 MR 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
*QUAD* 5.00 2.00000 M ~2.2000 KG 5.000 CM ( =-9.151 M )
VARY CODE = 010000
LABEL = Q1
*DRIFT* 3.0 2.,0000 M
*QUAD* 5.C0 2.00000 M 2.,40C0 KG 5.000 CM  ( 9.029 M )
VARY CGDE = 01C000
LABEL = (€1
91.0 M 0.0 1.675 CM
0.0 0.511 MR -0.999
0.0 0.564 CM 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 1.000 PC 0.626 =0.616 0.0 0.0 ~0.000
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*DRIFT* 3.0 1.000C M

*ROTAT* 2.0 1.50 D
*BEND* 4.000 3.000C0 M 14.550 KG 0.0000 ¢ 2.999 0 )
*ROTAT* 2.0 1.50 D
*DRIFT* 3.C 1.C000 M
*ROTAT* 2.0 1.50 D
*BEND* 4.000 3.00000 M 14.550 KG 0.0000 ( 2.999 D )
*ROTAT* 2.0 1.50 D
*DRIFT* 3.0 1.000C M
*ROTAT* 2.0 1.50 D
*B END* 4.000 3.0000C M 14.550 KG 0.0000 «( 2.999 D }
*ROTAT % 2.0 1.50 O
*DRIFT* 3.0 1.0000 M
*ROTAT* 2.0 1.50 D
*BEND* 4,000 3.000C0 M 14.550 KG 0.0000 ¢ 2.999 D}
*ROTAT * 2.0 1.50 D
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.C 25.7C57 M
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VARY CCDE = 900000
LABEL = DR1

*QUAD* 5.00 2.00000 M 3,5952 KG 15.000 CM ( 17.734 M )
VARY CCDE = 010000
LABEL = Q2
134.7 M 0.0 6.672 CM
0.0 2.101 MR ~-0.989
0.0 0.266 CM 0.0 0.0
0.0 0,279 MR 0.0 0.0 0.915
0.0 0.457 CM ~-0.580 0.644 0.0 0.0
0.0 1.000 PC 0.998 -0.,997 0.0 0.0 -0.610
*IT* 10.0 ~1l. 2. 0.0 / 0.001
~3.748
LABEL = FITL
*FIT* 10.0 =3. 4. 0.0 / 0.001
-0.382
LABEL = FIT1
*TRANSFORM* 1
-0.75331 -3.,74802 0.0 0.0 0.0 6.65790
-0.07884 -1.71968 C.0 0.0 0.0 -2.09424
0.0 0.0 -0.E7796 -0.38176 0.0 0.0
C.0 0.0 -C.78899 ~1.48206 0.0 0.0
-0.21025 -1.92988 C.0 0.0 1.0 -0.27894%
C.0 0.0 ¢.0 0.0 0.0 1.C0000
*DRIFT» 3.0 2402942 M
VARY CCDE = 400000
LABEL = OR1
159.0 M 0.0 1.782 CM
0.0 2.101 MR -0.840
0.0 0.928 CM 0.0 0.0
0.0 0279 MR 0.0 0.0 0.993
0.0 0.457 CM ~0.328 0.644 0.0 0.0
0.0 1.000 PC 0.881 -0.997 0.0 C.0 -0.610
*ROTAT* 2.0 1.50 0
*BEND* 4,000 3.00CCC ™ 14.550 KG 0.0000 ( 2.999 D )
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*ROTATx 2.0 1.50 D

*DRIFT* 3.0 1.0000 M
*ROTAT* 2.0 1.50 D
*BEND* 4.000 3.0000C M 14.550 KG 0.0000 ¢ 2.999 D )
*RATAT* 2.0 1.50 D
*DRIFT * 3.C 1.0000 M
*RAT AT * 2.0 1.50 D
*BEND* 4.000 3.000CC M 14.550 KG 0.0000 ( 2.999 D }
*ROTAT* 2.0 1.50 D
*DRIFT * 3.C 1.0000 M
*ROTAT* 2.0 .50 D
*BEND* 4.000 3.0000C M 14.550 KG 0.0000 ¢ 2.999 D0 )
*ROTAT* 2.0 1.50 D
*DRIFT* 3.C 1.000C 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 CM -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 -l. 6. 0.0 / 0.001
0.000

LABEL = FIT2



*F T 10.C -2. 6. 0.0 / 0.0CL
€.C00
LABEL = FIT3
*TRANSFORM® |
-1.07C54 -10.67648 0.0 0.0 0.0 0.00001
-C.C7885 ~-1.71978  GC.0 0.0 0.0 0.00000
0.0 0.0 -3.65881 =-6.20807 0.0 0.0
.0 0.0 -C.66630 =1.25747  C.0 0.0
~0.00000 =0.00001 0.0 0.0 1.0060C -0.39405
0.0 0.0 .0 0.0 0.0 1.00000
*QUAD* 5.0 2.00000 M =1.9CCO KG  5.000 CM ( =-10.646 M )
LABEL = 3
*DRIFT * 3.0 2.0000 M
*QUAD* 5.00 2.00000 M 1.8500 KG  5.000 CM ( 11.609 M )
LABEL = G3
*DRIFT* 3.0 20C.000C M
381.0 M 0.0 1.742 CM
0.0 0.167 MR 0.995
0.0 0.824 CM 0.0 0.0
0.0 0.082 MR 0.0 0.0 0.895
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
*TRANSFORM#* 1
2.77343 15.30110 0.0 0.0 0.0 -0.00001
C.21337  1.5377C 0.0 0.¢C 0.0 -0.00000
0.0 0.0 2.57533 -2.86C91 0.0 0.0
6.0 0.C €.27C88  0.C8736 0,0 0.0
-C.00000 =-0.00001 ©.0 0.C 1.00000 =0.39405
.0 0.0 0.0 0.¢ 0.0 1.00000
381.0 M 0.0 1.742 CM
0.0 0.167 MR 0.995
0.0 0.824 CM 0.0 0.0
0.0 0.082 MR 0.0 0.0 0.895
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 =0.79
*QUAD* 5.C0 2.00000 M 4.5000 KG 5,000 CM {  4.984 M
LABEL = C4



*DRIFT * 3.C 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 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 0.0 -0.79
*QUAD* 5.00 Z.0C000 M -4.20C00 KG 5,000 CM  ( -4.645 M )
LABEL = G4
387.0 M 0.0 0.172 CM
0.0 2,478 MR -0.998
0.0 1.520 CM 0.0 0.0
0.0 1.070 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 0.0 -0.796
*ORIFT * 3.C 15.000C M
402.0 M 0.0 3.545 CM
0.0 2.478 MR 1.000
0.0 0.090 CM 0.0 0.0
0.0 1.070 MR 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 -0.79
*TRANSFCRMx 1
-5.8Cl62 ~30.87849 C.0 0.0 C.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
-0.00000 =-0.00001 0.0 0.0 1.00000 <~0.39405
C.0 0.0 C.0 0.0 0.0 1.00000

¥LENGTH* 401.9353 M

*CORRECT IONS*

( 1.8837F C3) 0.104 -C.157 0.786 -0.019
{ 6.4761E Q1) 0.006 -0.0C8 -0.001 0,002
¢ 1.07C0E-C1) 0.0CQC ~C.0C0 ~0.000 -0.000

*COVARIANCE ( FIT 0.1 )
¢.000

~0.979 ¢C.COC

-0.934 C.S552 (0.Cl1l0

-0.572 C.586 0.6C9 0.000
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BEAM TRANSPUKT SYSTEM FOR SLAC BEAM SWITCHYARD END STATICON A I1

*BEAME 1.C00Q00 25.0C 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 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 5.00CCC M 1.455 KG 0.0000 ( 0.500 D)
*ROTAT® 2.C C.5C D
5.0 M 0.0 0.305 CM
0.0 0.133 MR C.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.CCOC M
85.0 M 0.0 1.153 CM
0.0 0.133 MR 0.965
0.0 0.901 CM C.0 0.0
0.0 0.100 MR 0.0 0.0 0.943
0.0 0.300 CM -0.003 -0.001 O©.0 C.0
0.0 1.000 PC 0.624 0.657 0.0 0.0 -0.000
*QUADx* 5.C0 2.00000 M -2.0858 KG 5,000 CM ( =-9.650 M }
VARY CCDE = 010000
LABEL = (1
*DRIFT* 3.C 2.0C0C M
*QUAD* 500 2.0000C M 2.1943 KG 5.000 CM ( G.843 M )
VARY CGCDE = 010000
LABEL = Q1
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 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 1.0000 M

*ROTAT* 2.C 1.50 O
*BEND* 4.000 3.000CC M 14.550 KG 0.0000 ¢« 2.999 D )
*ROTAT* 2.0 1.50 D
*DRIFT* 3.0 1.000C M
*ROT AT * 2.0 1.5¢ D
*BENO* 4.000 3.000C0 M 14.550 KG 0.0000 ( 2.999 D 1}
*ROTAT* 2.0 1.50 O
*DRIFT* 3.0 1.0000 M
*ROTAT* 2.C 1.50 0
*BEND* 4.000 3.000CC M 14.550 KG 0.0000 ( 2.999 0 )
*ROTAT* 2.0 1.50 D
*DRIFT* 3.0 1.000C M
*ROTAT* 2.0 1.50 D
*BEND* 4.000 3.00000 M 14.550 KG 0.0000 ¢ 2.999 D )
*ROTAT* 2.C 1.50 D
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 MR 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
*DRIFT * 2.0 24.9203 M
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CCRE a
LABEL = C

*QUAD* 5.C0 2.00000 M 3.5785 KG 15.000 CM  ( 17.815 M )
VARY COCE = 010000
LABEL = Q2
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.C 0.87¢C
0.0 0.471 CM -0.615 0.678 0.0 0.0
0.0 1.000 PC 1.000 -0.989 C.0 0.0 ~0.617
¥ IT* 10.C -l. 2. 0.C / C.001
-0.C00
LABEL = FIT1
*FIT* 10.0 -3. 4. 0.0 / 0.001
-0.000
LABEL = FIT1
*TRANSFURM%x |
-C+33045 =-0.0C002 0.C 0.0 0.0 6.82236
-0.,22846 -3.02617 Cc.C 0.0 0.0 -2.09424
C.0 0.0 -C, 79757 =-0.€0002 0.0 0.0
C.0 0.0 ~0.73609 -1.25380 .0 0.0
-Ce22507 =-2.06457 C.0 0.0 1.00000 =0.29037
6.0 0.0 C.0 0.0 0.0 1.00000
*DRIFT % 3.0 25.C795 M
VARY CCCE = 400000
LABEL = DR1
159.0 M 0.0 1.765 CM
c.0 2.117 MR -0.814
0.0 0.853 CM 0.0 0.0
0.0 0,254 MR 0.0 0.0 0.990
0.0 0.471 CM -0.338 0.678 0.0 c.0
C.0 1.000 PC 0,890 -0.989 0.0 0.0 -0.617
*ROTAT* 2.0 1.50 D
*BEND* 4.000 3.000C0 M 14.550 KG 0.0000 ( 24999 D )
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*ROTAT* Z.0 1.5C O

*¥DRIFT * 3.0 1.0000 M
*ROTAT* 2.0 1.50 D
*BEND* 4.000 3.C0000 M 14.550 KG 0.C000 ( 2.999 D )
*ROTAT * 2.0 1.50 D
*DRIFT * 3.C 1.0000 M
*ROTAT* 2.0 1.50 D
*BEND* 4.000 3.00000 M 14.550 KG 0.C000 ( 2.999 D )
*ROTAT* 2.0 1.50 C
*DRIFT* 3.0 1.0000 M
*ROTAT* 2.C 1.50 D
*BEND* 4.000 3.00000 M 14.550 KG 0.0000 ¢ 2.999 D )
*ROTAT * 2.0 1.50 D
*DRIFT* 3.0 1.0000 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 CM -0.000 0.000 0.0 0.0
0.0 1.000 PC 0,000 0.000 0.0 0.0 ~0.804
*EIT* 10.0 =-1l. 6. 0.0 / 0.001
0.000

LABEL = FIT2
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C.000
LABEL = FIT3
*TRANSFORM* ]
-1.26882 -12.42980 0.0 0.0 0.0 0.00001
-0.22847 =-3,02628 C.C 0.C 0.0 0.0000¢C
0.0 0.0 -3.72852 -5.C3437 0.0 0.0
C.0 0.0 -0.62031 =-1.10576 0.0 C.0
-0.00000 -0.0C001 0.C 0.C 1.00000 -0.40547
0.0 0.0 C.C 0.0 0.0 1.00000
*QUAD* 5.C0 2.0C000 M =1.9000 KG 5.000 CM ( -10.646 M )
LABEL = Q3
*DRIFT* 3.0 2.0000 M
*QUAD* 5.00 2.00000 1 1.85C0 KG 5.000 CM ( 11.609 M )
LABEL = 3
*DRIFT * 3.C 2CC.C00C M
381.0 M 0.0 0.620 CM
0.0 0.125 MR 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 CM 0.000 0.000 0.0 0.0
0.0 1.000 PC -0.,000 -N.000 0.0 0.0 -0.804
*TRANSFCRM® 1
1.49989 4427131 0.0 0.0 0.0 -0.00001
Cel6754 l.14380 0.C 0.0 0.0 -0.00000
C.0 C.0 2.62306 —3.178386 0.0 0.0
C.0 0.0 C.26479 =-0,00074 0.0 0.0
-C,00000 =-0.00001 0.C 0.0 1.00000 -0.40547
0.0 0.0 0.0 0.0 0.0 1.00000
38l.0 M 0.0 0.620 CM
0.0 0.125 MR C.922
0.0 0.873 CM 0.0 0.0
0.0 0.079 MR 0.0 0.0 0.902
0.0 0.504 CM 0.000 0.000 0.0 0.0
0.0 1.000 PC -0.,000 -0.000 0.0 0.0 -0.804
*QUAD* 5.C0O 2.00000 M 4.5C00 KG 5.000 CM ( 4,984 M )
LABEL = Q4
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*DRIFT * 3.0 2.0C0C M

385.,0 M 0.0 0.282 CM
0.0 l1.154 MR -0.996
0.0 1.506 CM 0.0 0.0
0.0 2.111 MR 0.0 0.0 1.00¢C
0.0 0.504 CM 0.C00 -0.000 0.0 0.0
0.0 1.000 PC -0.000 0,000 0.0 0.0 ~0.,804
*QUAD* 5.00 2,00000 M ~4.,2000 KG 5.000 CM  ( ~4.645 M )
LABEL = Q4
387.0 M 0.0 0.098 CM
0.0 0.791 MR -0.923
0.0 1.607 CHM 0.0 0.0
0.0 1.135 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
*DRIFT* 3.0 15.00CC M
402.0 M 0.0 1.097 €M
0.0 0.791 MR C.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 -0.0C0 -0.000 0.0 0.0
0.0 1.000 PC C.000 0,000 0.0 0.0 ~0.804
*TRANSFORM% ]
~2+97423 <-6.38180 0.0 0.0 0.0 0.00002
~Z2.09122 -4.82334 C.C 0.0 0.0 0.00001
0.0 C.0C =0.24656 0.65288 0.0 0.0
C.0 0.0 ~3.40280 44554606 0.0 0.0
-0.00000 -0.0C001 C.0C 0.C 1.00000 =~0.40547
0.0 0.0 0.0 0.0 0.0 1.00000

*LENGTH* 401.,9993 M
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iBEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATION A TI1IA'

(itN THE THIRD STEP THE FIRST QUAD DOUBLET,Ql, AND THE SYMMETRY QUAD,Q2,)

(ARE NOT ALLOWED TO VARY., THE FIFLDS OF THE SECOND QUAD DOUBLET,Q3, ARE)
(ALLOWED TO VARY TO GET A CERTAIN BEAM SIZE AT THE ENTRANCE TO THE THIRD QUAD)
(DOUBLET,Qk4.)
5.0 '01' ;
5.0 'n2' ;
3.0 'DR1' ;
-10.0 'FIT1'
-10.0 'FIT2?!
-10,0 'FIT3!'
5.01 'Q3' ;
10,2 'FITy' ;
SENTINEL

Ne Ne N
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BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATICN A IIIA

1

IN THE THIRD STEP THE FIRST QUAD DUUBLETQl,
ARE NCT ALLCWED TO VARY.

ALLOWED TQ VAKY TU GET A CERTAIN BEAM SIZE AT THE ENTRANCE

DOUBLET L4
1.00C00
13.0CCGO
4.0C000
2.C0C000
13.00000
3.0C0CQ
13.00¢0¢C

5.0C0C00
LABEL =

3.0C000

5.00000
LABEL =

13.CC000
9.0C00C
3.0C000
2.00000
4.00000
2.0C0CO
9.CC000
13.06000

3.00000
LABEL =

5.0C00Q0
LABEL =

13.00000

-10.00000
LABEL =

C.30000

2.00000

5.00000

C.5C0C0

1.00000

8C.00000

1.00000

2.00000
C1

Z2.00000

2.00000
Cl

1.C0000

4.00000

1.00000

1.5CCCC

3.00000

1.50C00

C.0

1.00C00

24.92036
DR1

2.00000
2

1.000C0

~1.00000
FIT1

0.10000

1.45500

-2.08981

2159428

14.550C0

3.57851

2.0000¢

030000

5.00000

5.C00C0

15.000C0

0., 10000

0.00100

ThE FIELDS OF THE SECOND QUAD DCUBLET,GQ3,

0.30000

AND THE SYMMETRY QUAD,Q2,

1.00000

E~67
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TO THE THIRD QUAD

25.,00000



-10.00000
LABEL

13.00000

3.00000
LABEL

13.00000
9.00000
2.0C000
4.0C000
2.0C000
3.C0000
9.CcC00

13.00000

~-10.00000
LABEL

-10.00000
LABEL

13.0C000
5.00000
VARY CO
LABEL
3.0C000
5.00000
VARY (€O
LABEL
3.0C000
13.00000
10.00000
VARY CO
LABEL
10.00000
VARY CC
LABEL
13.00000
13.0C000

5.00000
LABEL

-3.00000

= FIT1

4.0CCOC

25.07953

= DR1

1.00000

4.00C00

1.5C00¢C

3.00000

1.50000

1.00000

C.0

1.00000

-1.00000
= FIT2

-2.00600

= FIT3

4.00000

2.00000
DE 010000

= (3

2.00000

2.00000
DE 010000

= (3

2CC.00000

1.00000

1.C0GC0
D8 200000

= FIT4

3.00000

DE  20C000

= FIT4
4.00000
1.000C0

200000
= C4

4.C0000

14.55000

6.CC0CO

6.00000

-1.50000

1.85000

1.0C000

3.00000

445C0C0

0.0

0.0

5.C0000

5.C0000

4.C000C0

1.50000

5.00000

0.C00100

0.00100

0.CO0l100

0.10000

0.10000
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3.00000 2.00000
13.00000 1.00000
5.00000 2.00000
LABEL = Qa4
13.00000 1.00000

3.0C000 15.00000

13.0€000 1.000CQ
-10.00000 2.00000
LABEL = FITS

-10.C0000 4.,00000
LABEL = FITs

~10.00000 1.00000
VARY COBE 200000
LABEL = FITY
=10.0C000 3.00000
VARY CODE 200G00
LABEL = FIT7
13.0€000 4.C0000

SENTINEL

-4.20000

1.0000¢C

3.CC000

1.CC0CC

3.00000

5. 0000

0. 02000

0. 02000

0.00100

0.C0100

0.Cl000

0.C1000
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BEAM TRANSPORT SYSTEM FOR SLAC BFEAM SWITCHYARD END STATICN A 111A

*BEAMx 1.C000C00 25.0C GEV
0.0 M 0.0 0.300 CM
0.0 G.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 C.0 0.0 0.0 0.0
*BEND* 4.000 5.00C0C 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 %.171
0.0 0.304 CM 0.0 0.0
0.0 0.1C0 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 C.0 -0.000
*DRIFT* 3.0 80.C00C M
. 85.0 M 0.0 1.153 CM
0.0 0.133 MR C.965
0.0 0.901 (™ 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
*QUAD* 5.00 2.C0C00 M ~2.(898 KG 5.000 CM {  -S.650 M )
LABEL = (1
*DRIFT % 3.0 2.000C ™
*QUAD* 5.00 2.00000 M 2.1943 KG 5,000 CM  ( 9.843 M )
LABEL = Q1
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 O.147 MR 0.0 0.0 ~0.937
0.0 0.300 CM -0.003 0.003 0.0 C.0
0.0 1.000 PC 0.627 -0.613 0.0 0.0 -0.000
*DRIFT* 3.0 1.000C M
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*ROT AT * 2.0 1.50 D

*BEND* 4.C00 3.000CC M 14.550 KG 0.,0000 {( 2.999 D )
*ROT AT % 240 1.50 D
*DRIFT* 3.C 1.0000 M
*ROT AT * 2.C 1.50 D
*BEND* 4.000 3.00000 M 14.550 KG 0.0000 ( 2.999 D )
*ROT AT * 2.0 1.50 D
*DRIFTx* 3.0 1.000C M
*ROT AT * 2.0 1.50 D
*B END* 4.000 3.C00CC M 14.550 KG 0.0000 ( 2.999 0 )
*¥ROT AT % 2.0 1.50 D
*DRIFT* 3.C 1.000C ™
*RATAT * 2.0 1.5C D
*BEND* 4.000 3.0000C M 14.550 KG 0.0000 ( 2.999 D )
*ROTAT»* 2.0 1.50 D
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 MR g.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 c.0 -0.617
*DRIFT* 3.0 24.9203 M

LABEL = DR1
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*QUAD* 5.00 2.00000 M 3.5785 KG 15.000 CM ( 17.815 M )
LABEL = G2
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 0.47L 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
-C.22846 =3,02617 0.C 0.0 0.0 -2.09424
0.0 C.0 -C.75757 =-0.00002 0.0 0.0
0.0 0.0 -0.73609 -1.25380 C.0 0.0
~0.22507 =2.C6457 C.C 0.C 1.00000 =-0.29037
.0 0.0 0.0 0.0 0.0 1.00000
ADRIFT * 3.0 25.0795 M
LABEL = DR1
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 0.990
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 * 2.0 1.5C D
*BEND* 4,000 3.000C0 M 14.550 KG  0.0000 {  2.999 0 )
*ROT AT * 2.C 1.50 D
*DRIFT * 3.0 1.000C M
*ROT AT * 2.0 1.50 D
*BEND* 4.000 3.00000 M  14.550 K6  0.C000 ( 2.999 D )
*ROTAT * 2.0 1.50 ©
*DRIFT# 3.0 1.0C0C M
*ROTAT * 2.0 1.50 D
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*BEND*

*ROTAT*

*DRIFT *

*ROT AT *

*BENDx*

*ROTAT*

*DRIFT*

4.000

2.0

*TRANSFQRM* 1

~-0.22847 =-3.,02628
C.0 0.C
0.0 0.0
-0.00C0C -0.0C001
0.0 0.0
*QUADx® 5.00 2.00000 M
VARY CODE = 010000
LABEL =
*DRIFT* 3.0 2.000C M
*QUAD* 5.00 2.00000 M
VARY CCDE = 010000
LABEL =
*DRIFT % 3.0 200.C00C M

-1.26882 —~12.4298C

3.C0000 M

L.50 0D

1.000C M

1.50 0

3.000CC M

1L.50 D

1.000C M

14.550 KG

14.550 KG

0.0C

0.C
-3.,72852
-C.62031

0.0

Cc.QC

~1.90C0 KG

1.8500 KG

0.0000 ¢«

0.0000 (

0.0

0.0
~5.03437
~1.1C576

0.C

0.0

5.000 CM

5.000 CM

2.999 D )
2.999 D )
175.0 M 0.0 1.300 CM
0.0 0.310 MR
0.0 1.227 CM
0.0 0.216 MR
0.0 0.504 CM
0.0 1.000 PC
0.0 0.00001
0.0 0.00000
0.0 0.0
0.0 0.0
1.00000 <-0.4054T7
0.0 1.00000
( -10.646 M )
( 11.609 M )
38l.0 M 0.0 0.620 CM
0.0 0.125 MR
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FEIT* 10.0 1. 1. 4.C0C 7/ C.100
C.620
VARY CODE = 2C0000
LABEL = FIT4
*FIT* 1C.0C 3. 3. 1.5C0 / C.100
C.8173
VARY CODE = 200000
LABEL = FIT4
*TRANSFORM* |
1.49589 4.27131 0.0
C.l6754 1.14380 C.C
C.0 0.0 2462306
C.C 0.C 0.26479
-0.00000 -0.00001 0.0
0.0 0.0 0.C
*QUAD* 5.C0 200000 M 4.5000 KG
LABEL = Q4
*DRIFT* 3.0 2.0000 M
¥QUAD* 5.00 2.00000 M -4.2000 KG
LABEL = Q4

0.0

0.C
-3.178386
~0.00074

0.0

0.C

5.000 CM

5.000 CM

0 -0.00001
0 -0,00000
0 0.0
0 0.0
0 =0.40547
0 1.00000

0000

O~ O0OO00O0O

381.0 M

( 4,984 M )

385.0 M

( =4.645 M )

387.0 M

E~74

0.873
0.079

0.504
1.000

0.620
0.125
0.873
0.079
0.504
1.000

0.282
1.154
1.506
2.111
0.504
1.000

0.098

CM

g.0 0.0

0.0 0.0 0.902

0.000 0.000 0.0 C.0
-0.000 -0.000 0.0 0.0

0.922

0.0 0.0

0.0 0.0 0.902

0.000 ©0.000 0.0 C.0
-0.000 -0.000 0.0 C.0
-0.996

0.0 0.0

0.0 0.0 1.000

0.000 -0.000 0.0 0.0
-0.,000 0.000 0.0 C.0

-0.804

-0.804



0.0 0.791 MR =0.923
0.0 1.607 CM 0.0 0.0
0.0 1.135 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
*DRIFT * 3.0 15.000C M
402.0 M 0.0 1.C97 CM
0.0 0.791 MR 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 ~0.000 0,0 0.0
0.0 1.000 PC 0,000 0,000 0.0 0.0 -0.804
*TRANSFGRM% 1
-2.3328L 3.1320C 0.0 0.0 0.0 0.0
-1.58290  1.65786  0.C 0.0 0.0 0.0
0.0 0.0 -C.17269 C.77960 G.0 0.0
.0 0.0 -1.30944  0.12067 0.0 0.0
0.0 0.0 0.0 0.0 1.00000 0.0
0.0 0.0 0.¢C 0.¢C 0.0 1.00000
*LENGTH®  401.6993 M
*CORRECT IGNS *
( 1.4240F 01) -0.790 1.228
{ 2.4036E 02) 0.308 -C.526
{ 6.1862E 01) 0.181 -C.277
{ 1.3562€ 01) 0.073 -C.1C7
¢ 1.7670E €O 0.013 -0.019
( 5.1883E-02) 0.000 -0.C01

*COVARIANCE ( FIT 0.1 )
0.010
-0.805 0.0C9



BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATION A IIIA

*BEAN® 1.€00000 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 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 N.0
*BEND* 4.000 5.000CC 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 C.171
0.0 0.304 CM 0.0 0.0
0.0 0.100 MR 0.0 0.0 O.l64
0.0 0.300 CM -0.009 -0.001 0.0 0.0
0.0 1.000 PC 0.071 0.657 9.0 0.0 ~0.000
*DRIFT * 3.0 8C.0C0OC 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 C.0
0.0 1.000 PC 0.624 0.657 0.0 0.0 ~0.000
*QUAD* 5.C0 2.0000C M -2.0868 KG 5.000 CM ( =9.650 M )
LABEL = (1
*DRIFT* 3.C 2.000C M
*¥QUAD* 5.00 2.0000C M 241943 KG 5.000 CM  ( 9.843 M )
LABEL = (1
91.0 M 0.0 1.661 CM
0.0 04392 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 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 1.0000 M
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*ROTAT* 2.0 1.50 D

*BEND* 4.000 3.00000 M 14.550 KG 0.0000 ¢ 2.999 D )
*ROTAT* 2.0 1.50 O
*DRIFT* 3.0 1.C000 M
*ROTAT* 2.0 1.50 D
*BEND* 4.000 3.,00000 M 14.550 KG 0.0000 ¢ 2.999 D )
*ROTAT * 2.0 1.50 D
*DRIFT* 3.0 1.0000 M
*ROTAT * 2.C 1.50 D
*BEND* 4.000 3.0000C M 14.550 KG 0.0000 ( 2.999 D }
*ROTAT* 2.0 1.50 O
*DRIFT* 3.0 1.000C M
*ROTAT * 2.0 1.50 O
*BEND%* 4,000 3.C0000 M 14.550 KG 0.C000 ( 2.999 D )
*ROTAT* 2.0 1.50 D
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 MR 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
*DRIFT* 3.0 2449203 M

LABEL = DRl
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*QUACx 5 .00 2.00C00 M 3.5785 KG 15.000 CM ( 17.815 & )
LABEL = (2
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
*TRANSFORMX ]
~C.33045 =-0.00002 g.¢C 0.0 0.0 6.82236
-C.22846 -3.02617 C.C 0.0 0.0 -2.09424
C.0 0.0 -0.78757 -0.00002 0.0 0.0
0.0 0.0 -C. 73609 -1.25380 C.0 2.0
-Ce22507 =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 25,0765 M
LABEL = DRI
159.0 M 0.0 1.765 CM
0.0 24117 MR -0.814
0.0 0.853 CM 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 C.0
0.0 1.000 PC 0.890 -0.989 0.0 0.0 -92.617
*ROTAT* 2.C 1.5C D
*BEND* 4,000 3.000C0 M 14.550 KG 0.0000 ( 24999 D )
*ROTAT* 2.0 1.50 D
*DRIFT* 3.0 1.000C M
*ROTAT* 2.0 1.50 ©
*BEND* 4.000 3,00000 M 14.550 KG 0.0000 ( 2.999 D )
*ROTAT* 2.0 1.5C D
*DRIFT* 3.0 1.0000 M
*ROTAT* 2.0 1.50 0O
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*BEND*

*ROTAT=*

*ORIFT %

*ROTAT *

*BEND*

*ROTAT *

*DRIFT*

4,000

*TRANSFORM* |

~C0.22847 -3.C2628
C.0 0.0
0.0 0.0
-0.00000 -0.00001
Q.0 0.0
*QUADx 5.00 2.00000 M
VARY CGDE = 010000
LABEL =
*DRIFT* 3.0 2.000C M
*QUAD* 5.00 2.00000 M
VARY CODE = 010000
LABEL =
*DRIFT* 3.0 200.0000 M

-1.26882 -12.42980

3.C0000C M

1.50 D

1.0000 M

1.50 O

3.000C0 M

1.50 D

1.0000 M

14.550 KG

14.550 KG

0.0

C.0
-3.72852
-0.62031

0.0

0.C

=2.1150 KG

2.1487 KG

0.0000 ( 24999 D )
0.0000 ( 2.999 D )
175.0 M 0.0
0.0
0.0
0.0
0.0
0.0
0.0 0.0 0.00001
0.0 0.0 0.00000
-5.03437 .0 0.0
-1.10576 0.0 0.0
0.0 1.00000 =~0.40547
0.C 0.0 1.00000
5.000 CM ( -9.532 M )
5.000 CM (¢ 10.044 M )
381.0 M 0.0
0.0

E—~79

1.300
0.310
1.227
0.216
0.504
1.000

4.000
0.299

CM
MR
CM
MR
(oL}
PC

cM
MR

0,997
0.0

-0.000
0.000

1.000

~0.804



*FIT* 10.0 l. 1. 4.,C0C / C.100
4.000
VARY CODE = 200000

LABEL = FIT4

*IT* 10.C 3. 3. 1.500 / C.100
1.500
VARY COOE = 200000
LABEL = FIT4
*TRANSFORM®
4477122 37.3£149 C.C
0.33210 2.81727 0.0
C.0 0.0 4.591C9
c.0 0.¢ 0.37533
-C.00C00 -0.00001 0.0
C.0 0.0 0.0
*QUAD* 5 .00 2.00000 M 4.5000 Ko
LABEL = Q4
*DRIFT* 3.C 2.000C M
*QUAD* 5«00 2.0000C M ~4.20C0 KG
LABEL = (4

0.0

0.0
-0.89239

0.13324

0.0

0.C

5.000 CM

5.000 CM

0 -0.00003
0 -0.00000
0 0.0
Q 0.0
00000 -0.40547
0 1.00000

38l.0 M

( 4.984 M )

385.0 M

( =4.645 M )

387.0 M

E—80

1.500
0.113
0.504

1.000

4.000
0.299
1.500
0.113
0.504
1. 000

1.665
7.789
2.582
3.612
0.504
1.000

0.347

M
MR
M

PC

CM™
MR
CM
MR
cM
pPC

CM

C.0 8.0

c.0 0.0 0.984

0.000 0.000 0.0 0.0
-0.000 -0.000 0.0 0.0

1.000

0.0 0.0

0.0 0.0 0.984

0.000 0.000 0.0 0.0
-0.000 -0.000 0.0 0.0
-1.000

0.0 0.0

0.0 0.0 1.000

0.000 -0.000 0.0 0.0
-0.000 0.000 0.0 0.0

-0.804

-0.804

-0.804
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'"BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD FEND STATION A 111B'

1

(IN THIS CASE THE VARY CONDES FOR THE QUAD DOUBLET,N3, ARE TURMED OFF, AND)
(THE TH!IRD QUAD DOUBLET,Q4, 1S ALLOWED TO VARY TO GET A WAIST WITH A CERTAIM)
(SPOT SIZE AT THE TARGET.)

5.0 '03' ;

5.01 'Qu' ;

10,0 'FIT5! ;

10,0 'FIT6"* ;

10,2 'FIT7' ;

SENTINEL

E—82A



BEAM TRANSPORT SYSTEM FUOR SLAC BEAM SWITCHYARD END STATICN A IIIB

1

IN THIS CASE THE VARY CODES FOR THE QUAD DOUBLET,Q3, ARE TURNED OFF, AND

THE THIRD CUAC COUBLET,Q4,

SPOT SIZE AT THE TARGET,

1.00000
13.0C000
4.CC000
2.CC000
13.0C0C0
3.0C000
13.CC000

5.00000
LABEL =

3.0C000

5.0C000
LABEL =

13.00000
9.0C000
3.00000
2.00000
4.00000
2.00000
9.00000

13.00000

3.00000
LABEL =

5.00000
LABEL =

13.0C000

-10.00000
LABEL =

-10.0C000

C. 30000
Z.0CCCO
5.00000
C.50000
L.0000C
8C.00CCO
1.00000

2.00C00
Cl

2.00000

2.00000
€1

1.00000
4.00000
1.00000
1.5000C
3.00000
1.50000
C.0

1.0C000

24.92036
CR1

2.00000
Q2

1.00000

=-1.00000
FIT1

-3.00000

0.1C000

1.455CC

-2.08981

2.19428

14.55000

3.57851

2.00000

400000

0.30000

C.C

5. 00000

5.€0000

0.0

15.€0000

0.0

0.0

0.10000

0.00100

0.00100

0.30000

1.00000

E~82

IS ALLOWED TO VARY TO GET A WAIST WITH A CERTAIN

25.00000



LABEL = FIT1
13.00000 4.,00C00

3.00000 25.07953
LABEL = DR1

13.C0000 1.00000
9.00000 4.,00G00
2.00000 1.50000
4.0C0CO 3.00000
2.0C000 1.5000¢0
3.CCC00 1.00000
9.0C000 0.0

13.0C0CC 1.00G00

~10.00000 -1.C0000
LABEL = FIT2

-10.0C000 =-2.00000
LABEL = FIT3

13.0€0C0 4,00000

5.00000 2.00000
LABEL = (3

3.00000 2.00C00

5,00CC0O 2.00000
LABEL = Q3

3,00000 200.00000
13.00000  1.0000C
10,00000  1.00C00

VARY CODE 200000

LABEL = FIT4
10.00000  3.00000
VARY CODE 200000

LABEL = FiT4

13.00000  4.00000
13.00000  1.00000

5.00000 2.00C00

VARY CODE 010000

LABEL = (4

3.0C000 2.00000

14.55000

6.CQ00CC

6.CCO000

-2.11497

2.14873

1.CC00O0

3.00000

4.5C0CQ

0.0

5.C0000

5.£0000

440000

1. 50000

5.0000C0

0.00100

0.C0100

0.10000

0.10000
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13.C0000 1.00000

5.00000 200000
VARY CODE 010000
LABEL = Q4
13.00000 1.00C00
3.00000 15.00C00
13.00000 1.C00¢C0

10.00000 2.00000
LABEL = FITS

10.0C000 4.00000
LABEL = FITe6

10.00000 1.00000
VARY CODE 200000
LABEL = FITT7
10.0€000 3.00000
VARY CODE 200000
LABEL = FIT?
13.0C000 4.00000

SENTINEL

-4.20000

1.00000

3.Cc00C

1.CCo0C

3.0C000

5.00000

0.C2000

0.02000

0.00100

0.00100

0.Cl1000

0.C1000



BEAM TRANSPORY SYSTEM FOR SLAC BEAM SWITCHYARD END STATICN A IIIB

*BEAMx 1.€00000 25.00 GEV
0.0 M 0.0 0.300 CMm
0.0 0.100 MR 0.0
0.0 0.300 CH C.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.C 0.0 0.0 0.0 0.0
*BEND* 4.000 5.000C0 M 1.455 KG 0.0000 ( 0.500 D )
*ROT AT * 2.0 0.50 D
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 pPC 0.071 0.657 0.0 0.0 -0.000
®*DRIFT* 3.0 8C.0000 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 C.0
0.0 1.000 PC 0.624 0.657 0.0 0.0 -0.000
*QUAD* 5.00 2.00000 4 ~2.0898 KG 5.000 CM  ( =5.650 M )
LABEL = (1
*ORIFT* 3.0 2.000C M
*QUAC* 5.00 2.00000 M 2.1943 KG 5.C00 CM 9.843 M 1}
LABEL = (1
1.0 M 0.0 1.661 CM
c.0 0392 MR ~C.998
0.0 0.582 CHM 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 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 D

*BEND* 4.000 3.00000 M 14.550 KG 0.0000 ¢ 2.999 D )
*ROTAT=* 2.0 1.50 D
*DRIFT* 3.0 1.0000 M
*ROT AT * 2.0 1.50 D
*BEND* 4.C00 3.00000 M 14.550 KG 0.0000 ( 2999 D )
*ROT AT % 2.0 1.50 O
*DRIFT* 3.0 1.000C M
*ROTAT* 2.0 1.50 D
*BENO* 4.000 3.000CC M 14.550 KG 0.0000 (¢ 2,999 D)
*ROTAT* 2.0 1.50 D
*DRIFT* 3.C 1.0000 M
*ROT AT * 2.C 1.50 D
*BEND* 4.000 3.C00C0 M 14.550 KG 0.0000 ( 24999 D 1}
*ROTAT* 2.0 1.50 D
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 MR 0.0 0.0 -0.856
0.0 0.471 CM <0.737 -0.533 0.0 0.0
0.0 1.000 pPC 0.941 0.986 0.0 0.0 -N.617
*DRIFT* 3.0 24.9203 M

LABEL = DR1



*QUAD* 5,00 2.00000 M 3.5785 KG 15.00C CM ( 17.815 M )
LABEL = (2
133.9 M 0.0 6.823 CM
0.0 2.117 M2 -0.989
0.0 0.239 CM 0.0 0.0
0.0 0.254 MR 0.0 0.0 0.87¢C
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
-0,33045 =0,00002 0.0 0.C 0.0 6.82236
-0.22846 =-3,02617 0.0 0.0 0.0 -2.09424
.0 0.0 -C. 75757 =-0.00002 0.0 0.0
0.0 0.0 -C.73609 =-1.25380 C.0 0.0
-0.22507 -2.06457 0.0 0.0 1.00000 -0.29037
0.0 0.0 0.C 0.0 0.0 1.00000
*DRIFT* 3.0 25.C795 M
LABEL = DRl
159.0 M 0.0 1.765 CM
0.0 2.117 MR -0.814
0.0 0.853 CH 9.0 0.0
0.0 0.254 MR 0.0 0.0 0.990
0.0 0.471 CM  =-0.338 0.678 0.0 0.0
0.0 1.000 PC 0.890 ~0.989 0,0 0.0 -0.617
*ROT AT * 2.0 1,50 D
*BEND* 4.000 3.0000C M  14.550 KG  0.0000 ( 2.999 D )
*ROT AT * 2.0 1.50 D
SDRIFT* 3.¢C 1.000C M
*ROTAT* 2.0 1.50 D
*BEND* 4.000 3.000C0 M  14.550 K6  0.0000 ( 2.999 D )
*ROTAT* 2.0 1.50 D
*DRIFT* 3.0 1.000C M
*ROT AT % 2.0 1.50 D
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*BEND*

*ROT AT *

*DRIFT*

*ROTAT*

*BEND*

*ROTAT*

*¥DRIFT*

4.000

#*TRANSFCRM% 1

*QUAD*

*DRIFT*

*QUAD*

*DRIFT *

-1.26882 -12.4298¢C

~0.22847 -3,02628
0.0 0.C
0.0 0.0
~-C.0C000 -0.0C001
0.0 0.0
5.00 2.00000 M
LABEL = Q3
3.0 2.000C M
5.00 2.00000 M
LABEL = 3
3.0 20C.000C M

3.00000 M

1.50 O

1.000C M

1.50 D

3.000CC M

1.5C D

l.0C0C

M

14.550 KG

14550 KG

0. C

0.0
-3.72852
-0.62031

0.0

0.C

-2.1150 KG

2.1487 KG

0.0000

0.0000 (

0.C

0.0
~5.03437
-1.10576

0.0

0.0

5.000 CM

5.000 CM

2.

2.

(

(

999 D )
999 D )

175.0 M
0.00001
0.00000C
0.0
0.0

0000 -0.40547
1.00000
~9.532 M )

10.044 M )

381.0 M

E —88

1.300 CM
0.310 MR
1.227 CM
0.216 MR
0.504 CM
1.000 PC

4.000 CM
0.299 MR
1.500 CM
0.113 MR

0.997
0.0
0.0
-0.000
0.000

0.984

-0.804



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
T 10.0 l. 1. 4.000 7/ 0.100
4.000
VARY CODE = 200000
LABEL = FIT4
*FIT* 10.C 3. 3. 1.50C /7 C.100
1.500
VARY CODE = 200000
LABEL = FIT4
*TRANSFORM® ]
4.77122 37.35149 C.0 0.0 0.0 -0.00003
C.33210 2.81727 C.0 0.0 0.0 -0.00000
0.0 0.0 4499109 -0.89239 0.0 0.0
0.0 0.C 0.37533 0.13324 0.0 0.0
-0.00000 -0.00001 0.0 0.0 1.00000 =-0.40547
C.0 0.0 0. C 0.C 0.0 1.00000
381.0 M 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 0.0 0.984
0.0 0,504 CM 0,000 0,000 0.0 0.0
0.0 1.000 PC -0.000 -0,000 0.9 0.0 -0.804
*JUAD* 5.00 2.00000 M 4.50C0 KG 5.00C CM  ( 4.984 ¥ )
VARY CCDE = 010000
LABEL = Q4
*ORIFT* 3.0 2.000C M
385.0 M 0.0 1.665 CM
0.0 7.789 MR -1.000
0.0 2.582 CM 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
*QUAD* 5.00 2.0000C M -4.2000 KG 5.000 CM  ( =-4.645 M )
VARY CGDE = 010000
LABEL = (4
387.0 M 0.0 0.347 CM
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*DRIFT* 3.0

*FIT* 10.0 2.
LABEL = FIT5

*FIT* 10.C 4.
LABEL = FITe

*FIT* 10.0 1.

VARY CODE = 200000

LABEL = FIT7?

*FIT* 10.0 3.

VARY CODE = 200000

LABEL = FIT7

*TRANSFORM* 1
-Z2.33281
-1.58290
0.0

oon
[oR ~R}

*LENGTH* 401.9953 M

*CORRECTIONS*

15.000C M

0.C

48,931

0.336

0.020

8.395

C.020

0.173

~1¢30944

402.0 M

0000

E -90

[eNeoNoNoNeNol
* v s e e »
[+ ReReoNoNeNe

5.828
2.754

1.951
0.504
1.000

8,395
5.828
0.173
1.951
0.504
1.000

-1.000
0.0

0.0
0.000
-0.000

1.000

0.0
-0.000
0.000

0.0

0.0
-0.,000

0,000

-1.0N0
0.0
0.0

~3.804

~0.804



( 7.4658E
{ 1.9C87E

( 5.0201E
{ 1.3456E
( 3.7784E
( 1.0482¢E

{ 1.6754E

( 3.2649€E-

C4)
04}
c3)
c3)
c2)
02)
o1)

al)

*COVARIANCE

0.000

-0.793 0.

000

(

-0.780
-0.431
-0.240
-0.131
-0,068
-C.032
-0.007
-C.000

FIT

0.3

0.213
0.237

0.163

G.055

0.045

0.018

0.003

0.000
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BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATICN A IIIB

*BEAM® 1.C00000 25.0C 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 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 C.0 0.0
*BEND* 4.000 5.C0CCC M 1.455 KG 0.0000 ¢« 0.500 D )
*ROT AT * 2.0 0.50 D
5.0 M 0.0 0.305 CM
0.0 0.133 MR C.l71
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.0000 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 0.657 0.0 0.0 -0.000
*QUAD* 5.00 2.00000 M -2.0858 KG 5.000 CM ( =9.650 M )
LABEL = Q1
*¥DRIFT* 3.0 2.000C M
*QUAD* 5.00 2.00000 M 2.1943 KG 5.000 CM ( 9.843 M )
LABEL = (1
91.0 M 0.0 l.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 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 1.0000 M
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*ROTAT* 2.0 1.50 D

*BEND* 4.000 3.00000 + 14.550 KG 0.0000 { 2+999 D )
*ROTAT * 2.C 1«50 O
*DRIFT * 3.0 1.0000 M
*ROTAT * 2.0 1.50 D
*BEND* 4.000 3.00000 ™ 14.550 KG 0.0000 ( 2.999 D )
*ROT AT % 2.0 1.50 D
*DRIFT* 3.0 1.0000 M
*ROTAT * 2.C 1.50 D
*BEND* 4.000 3.000C0 4 14.550 KG 0.0000 ¢ 2.999 0O i
*ROTAT* 2.0 1.50 D
*DRIFT* 3.C 1.0000 M
*ROTAT* 2.0 1.50 O
*BEND* 4000 3.000CC M 14550 KG 0.,0000 ( 24999 D
*ROTAT* 2.0 1L.50 D
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 MR 0.0 0.0 -0.856
0.0 0.471 CM ~0.737 -0.533 0.0 Ce0
0.0 1.000 PC 0.941 0.986 0.0 C.0 -0.617
*DRIFT* 3.0 24.9203 M

LABEL = OR1
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*QUAD* 5.00 2.00000 M 3.5785 XKG 15,000 CM  ( 17.815 M )

LABEL = Q2
133.9 M 0.0 6.823 CM
0.0 24117 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 G.471 CM ~0.615 0.678 0,0 0.0
0.0 1.000 PC 1.000 -0.989 0.0 0.0 -N.617
*TRANSFCRM* 1
~C.33045 -0.0C€002 0.0 0.C 0.0 6.82236
-0.22846 =-3.02617 C.C 0.0 0.0 =2.09424
0.0 0.0 -C. 15757 -0.C0002 0.0 0.0
C.0 0.0 -Ce 73609 =-~1.25380 C.0 0.0
-0.22507 =-2.06457 0.C 0.0 1.00000 -0.29037
C.0 C.0 C.C c.0C 0.0 1.00000
¥DRIFT* 3.C 25.0795 M
LABEL = DRl
159.0 M 0.0 1.765 CM
0.0 24117 MR -0.814
0.0 0.853 CM 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 Q.0
0.0 1.C00 PC 0.890 -0.989 0.0 C.0 -0.617
*ROTAT* 2.0 L.50 O
*BEND* 4,.,C00 3.00000 M 14.550 KG 0.0000 «( 2.999 0 )
*¥ROTAT* 2.0 1.50 D
*DRIFT* 3.C 1.0000 M
*ROTAT* 2.0 1.50 D
*BEND* 4,000 3.000CC M 14.550 KG 0.0000 ( 2.999 D 1}
*ROTAT* 2.C 1.50 D
*DRIFT* 3.C 1.0000 M
*ROTAT * 2.0 1.50 D
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*BEND* 4,000 3.00000 M 14.550 KG 0.0000 ( 2.999 D }

*ROTAT* 2.C 1.50 C

*DRIFT* 3.0 1.0000 M

*ROTAT* 2.0 1.50 O

*BEND* 4000 3.00C00 M 14550 KG 0.0000 2.999 D )
*¥ROT AT * 2.0 .50 b

*DRIFT* 3.0 1.000C 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 0.9 0,994
0.0 0.504 CM -0.,000 0.000 0.0 0.0
0.0 1.000 PC 0.000 0,000 0.9 0.0 ~0.804
*TRANSFCRM% ]
-1.26882 -12.4298C 0.C 0.0 0.0 0.00001
=C.22847 =3.02628 0.0 0.0 0.0 0.00000
C.0 0.0 -3.72852 =5.03437 0.0 0.0
0.0 0.0 -C.62031 =-1.10576 0.0 0.0
-C.C000C =-0.00001 c.0 0.0 1.00000 -0.40547
0.0 0.C 0.C 0.0 0.0 1.00000
*QUAD* 5.00 2.00000 M -2.1150 KG 5,000 CM ( =9.532 M )
LABEL = (3
*DRIFT* 3.C 2.0000 M
*UUAD* 5.C0 2.C0000 M 2.1487 KG 5.000 CM ( 10,044 M )
LABEL = Q3
*DRIFT* 3.0 20C.000C M
381.0 M 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 0.0 0.984
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*FIT* 10.0 1.
VARY CODE = 200000
LABEL = FIT4
*FIT* 10.C 3.
VARY CODE = 200000
LABEL = FIiT4
*TRANSFORM® ]
4.77122
0.33310
0.0
Q.0
-0.00000
C.0
*QUAD* 5.C0 2.00
VARY CGCE = 010000
LABEL = Q4
*DRIFT* 3.C 2.0
*QUAD* 5.00 2.00
VARY CCDE = 010000
LABEL = (4

1. 4.C00

4.000

3. 1.500

L.500

37.35149
2.81721
0.0
0.C

-0.00001
0.0

00C M 2.

00C M

000 M

-3.

/ C.100

/ 0.100

0.0
C.C
4459109
0. 37533
C.C
0.0

8115 KG

4253 KG

0.0

0.0
-0.£9239

0.13324

0.0

0.0

5.000 CM

5.000 CM

-0,00003
~0.00000
0.0
0.0
-0.40547
1.00000

0000

O~ 0000
.
[»ReNeoNoNeRal

381.0 M

( T.759 M}

385.0 M

( =5.765 M )

387.0 M

E—~96

o0

0.504 CM

1.000 PC

4.000
0.299
1.500
0.113
0.504
1.000

2.551
4.896
2.179
24242
0.504
1.C00

1.948

cM

0.000 0.000 0.0 0.0
-0.000 -0.000 0.0 0.0

1.000

0.0 0.0

0.0 0.0 0.584

0.000 0.000 0.0 0.0
-0.000 -0.000 0.0 0.0
-1.000

0.0 0.0

0.0 0.0 1.000

0,000 -0.000 0.0 C.0
-0.000 0.000 0.0 0.0

~-0.804

-0.804



0.0 1.298 MR -1.000
0.0 2.255 C 0.0 0.0
0.0 1.503 MR 0.0 0.0 -1.000
0.0 0.504 CM 0.060 -0.000 0.0 0.0
0.0 1.000 PC =0.000 0.000 0.0 0.0  =0.804
*DRIFT* 3.0 15.000C M
402.0 M 0.0 0.023 CM
0.0 1.298 MR 0.000
0.0 £.020 CM 0.0 0.0
0.0 1.503 MR 0.0 0.0  =0.000
0.0 0.504 CM  =-0.000 -0.000 0.0 0.0
0.0 1.000 PC 0.000 0.0C0 0.0 0.0  -0.804
*FIT* 10.0 2. 1. C.0 / €.001
€.000
LABEL = FITS
*FIT* 10.0 4. 3. 0.0 / 0.001
-0.000
LABEL = FITe
*FIT* 10.¢ l. 1. 0.020 / C.010
0.023
VARY COCE = 200000
LABEL = FIT7
*FIT* 10.¢C 3. 3. 0.02C / 0.010
0.020
VARY CCDE = 200000
LABEL = FIT7
*TRANSFCRM® |
-0.23010 3.C&075 C.0 0.0 0.0 0.0
—0.44764  1.64740 0.0 0.0 0.0 0.0
0.0 0.0 -0.C742L  0.55798 0.0 0.0
0.0 0.C -1.02264 0.27718 0.0 0.0
0.0 0.0 0.0 0.0 1.00000 0.0
0.0 0.0 0.0 0.0 0.0 1.00000

*LENGTH% 401.66G3 M
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'BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATIOM A 11IC'

1
(1M THE FOURTH STEP THE LAST TWO QUAD DOUBLETS ARE BOTH ALLOWED TO VARY)
(FOR A FINAL ADJUSTMENT T0O GET THE WAIST AND THE SPOT S!ZE AT THE TARGET.)

5.01 'Q3'
SENTINEL
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BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATICN A II1IC

1

IN THE FOURTH STEP THE LAST Twd QUAD DOUBLETS ARE BOTH ALLCWED TC VARY

FOR A FINAL ACJUSTMENT TO CET THE WAIST AND THE SPOT SIZE AT THE TARGET,

1.C00CC
13.00000
4.0C000
2.00000
13.00000
3.cC000
13.€C000

5.CC000
LABEL =

3.C0000

5.0C000
LABEL =

13.0000¢C
9.00000
3.00000
2.000cC0
4.0CCO0
2.C0000
9.00000
13.0C000

3.00000
LABEL =

5.00000C
LABEL =

13.00000

-10.0C000
LABEL =

-10.00000
LABEL =

C.30000
2.00000
5.00000
C.50C00C
1.06000
8C.00000
1.00000

2.00000
1

2.00000

2.00000
Cl

1.0CC00
4.00000
1.C0C00
1.50000
3.00000
1.50000
0.0

1.00000

24.92036
CR1

2.00000
(94

1.00000

-1.00000
FIT1

-3.,00000
FIT1

0.1C000

1.455CC

-2.08581

2019428

14.55000

3.57851

2.00000

4.00000

0.30000 C. 10000 0.30000

5.,00000

5.C0000

15.60000

0.00100

0.00100

1.00000
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13.00000 4,00000

3.00000 25.07653
LABEL = DRl

13.00000 1.00000
9.00000 4.00000
2.00000 1.50000
4.,00000 3.00000
2.0C000 1.50000
3.0C000 1.C0000
9.CC000 C.0

13.0C000 1.00000

-10.000C60 -1.00C00
LABEL = FIT2

-10.00000 -2.00C00
LABEL = FIT3

13.CC000 4.CCO00
5.00000 2.00000
VARY CODE 010000
LABEL = (3
3.00000 2.00000
5.00000 2.00000
VARY CODE 010000
LABEL = @3
3.00000 200.00000
13.00000 1.0CCO0
10.00000 1.00000
VARY CODE 200000
LABEL = FIT4
10.000C0 3.00000
VARY COBE 200000
LABEL = FIT4
13.000C0 4.CCOCO
13.0C000 1.00000
5.,0CC00 2.00000
VARY CODE 010000
LABEL = Q4

3.0C000 2.00000

14.5500C

6.CC000

6.,0C000

~2.11497

2.14€73

1.0C000

3.0C000

2.81145

0.0

0.¢C

5.C0000

5.C0000

4.00000

1.50000

5.00000

C. 00100

0.00100

0.10000

C.10000
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13.6C000 1.00C00
5.0CC00 2.0CC00
VARY CODE 010000
LABEL = G4
13.00000 1.00000

3.00000 15.00000

13.0000C 1.C0000

10.00000 2.00000
LABEL = FITS

10.00000 4.00000
LABEL = FIT6

10.00000 1.00000
VARY (0ODE 200000
LABEL = FIT7

10.00000 3.0000C0

VARY CODE 200000
LABEL = FIT7

13.CC00C 4.00C00

SENTINEL

-3,42531

1.0C000

3.000C¢C

1.CCoC0

3.00000

5.000C0

0.0

C.C2000

0.02000

0.C0100

0.00100

0.Cl000

0.C1000
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BEAM TRANSPURT SYSTEM FUR SLAC BEAM SWITCHYARD END STATION A [IIIC

*BEAMS 1.C00000  25.0C 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
4 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 5.000CC M 1.455 KG  0.0000 ¢ 0.500 D )
*ROTAT* 2.C 0.50 D
4
. 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 0.16%
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 80.0000 M
85.0 M 0.0 1.153 CM
0.0 0.133 MR 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 D% 5.00 2.00000 M =2.C898 KG 5.000 CM ( =-9.,650 M )
LABEL = (1
*DRIFT* 3.0 2,000C M
#QUAC* 5.00 2.00000 M 2.1943 K6 5.000 CM ( 9.843 M}
LABEL = (1
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 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 1.000C M
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*ROTATx

*BEND*

*ROTAT*

*ORIFT *

*ROT AT *

*BEND*

*ROT AT *

*DRIFT *

*ROT AT *

*BEND*

*ROT AT *

*DRIFT*

*ROT AT *

*BEND*

*ROT AT *

*DRIFT*

2.0

4.000

3.0
LABEL =

1.50 D

3.,00000

1.50 D

1.000C M

1.50 D

3.0000C0

1.50 D

1.0000 M

1.50 D

3.000C0

1.5C D

1.0000 M

1.50 D

3.00000

1.50 0O

24.9203 M
DR1

M

™

M

M

14.550 KG

14.550 KG

14.550 KG

14.550 KG

0.0000 (

0.C000 (

0.C000 (

0.0000 (

2,999 D )

2.999 D )

24999 D )

24999 D )

107.0 M

E—-102

24366
1.880
0.357
0.163
0.471
1.000

0.873
0.0 0.0
0.0 0.0 -0.856

-0.737 -0.533 0.0
0.941 0.986 0.0

-0.617



*QUAD* 5.00 2.00000 M 3.5785 KG 15000 CM ( 17.815 M )

LABEL = Q2
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
*TRANSFORM® ]
=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 -2.06457 C.C 0.C 1. 00000 =0.29037
C.0 0.0 0.0 0.C 0.0 1.00000
*DRIFT* 3.0 25.C795 M
LABEL = DRI1
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 0.99¢C
0.0 0.471 CM -0.338 0.678 0.0 C.0
0.0 1.000 PC 0.890 -0.989 0.0 0.0 ~0.617
*ROTAT* 2.0 1.50 D
*BEND* 4,000 3.0C0CC M 14.550 KG 0.0000 { 2.999 D )
*RAT AT * 2.C 1.50 D
*DRIFT* 3.0 1.C00C M
*ROTAT* 2.0 1.50 D
*BEND* 4,000 3.C00000 M 14.550 KG 0.C000 ( 2.999 D)
*RUTAT* 240G 1.5C O
*DRIFT* 3.0 1.C00C M
*ROTAT* 2.C 1.50 D

E~103



*BEND* 4.000
*ROT AT * 2.0
*DRIFT % 3.0
*ROT AT * 2.0
*BEND* 4.000
*ROT AT * 2.C
*DRIFT* 3.C

¥TRANSFORNM%: ]

3.000CC M

1l.5C D

1.Co0C

1.56 D

3.0CCC0 M

1.50 0

1.C00C

M

M

*QUAD*
VARY

¥DRIFT*

*QUAD*

VARY

¥ORIFT*

-1.26882 -12.42780
-C.22847 -3.C2628
C.0 0.C
C.0 0.0
-€.00000 =-0.0C001
C.0 0.0

5.00 2.00000
CCCE = 010000
LABEL = (3

3.0 2.0000

5.00 2.00000
CCCE = 010000
LABEL = (3

3.0 20C.0C0Q

M

M

14.550 KG

14+550 KG

0.C

C.0
-3.72852
~0.62C31

Cc.0

.0

-2.1150 KG

2.1487 KG

0.0000 (

0.C000 (

0.C

0.0
-5.,03437
-1.10576

0.C

¢.0

5.000 CM

5.000 CM

2.

2.

(

999 D )
999 D )

175.0 M
0.00001
0.00000
0.0
C.0

0000 =-0.40547
1.C0000
-9.532 M )

10.044 M )

38l.0 M

E~104

] 1.300 CM
0 0.310 MR
0 1.227 CM
0 0,216 MR
0 0.504 CM
[} 1.000 PC

4.000 CM

0.0
0.0 0.299 MR

0.997
0.0

-0.000
0.000

1.000

-0.804



0.0 1.500 €M 0.0 0.0
0.0 0.113 MR 0.0 0.0 0.984
2.0 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
; *FEIT* 10.0 l. L.  4.C00 / 0.100
4.C00
VARY CODE = 260000
LABEL = FIT4
*FIT* 10.6 3. 3. 1.5CC / €.100
1.5C0
4 VARY CCDE = 20€000
LABEL = FIT4
+
*TRANSFORM* 1
4.77122 37.35149 0.0 0.0 0.0 -0,00003
€.33210 2.81727 C.¢ 0.C 0.0 -0.00000
0.0 0.0 4.991C9 -0.89239 0.0 0.0
c.0 0.0 0.37533  0.13324 0.0 0.0
-C.00000 =-0.00001 C.C 0.0 1.00000 =-0.4054T
.0 0.¢ 0.¢C 0.C 0.0 1.00000
381.0 M 0.0 4,000 CM
0.0 0.299 MR 1.000
0.0 1.50C CM 0.0 0.0
0.0 0.113 MR 0.0 0.0 0,984
, 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
*QUAD* 5,00 2.00000 M 2.8115 K6 5,000 CM (  7.759 M )
VARY CCDE = 010000
LABEL = G4
*DRIFT * 3.0 2.000C M
385.0 M 0.0 2.551 CM
0.0 4.896 MR -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 CM 0.000 -0.000 0.0 0.0
0.0 1.000 PC  =-0.000 0.000 0.0 0.0  -0.804
*QUAD* 5.00 2.00000 M  -3.4253 KG  5.000 CM ( =5.765 ¥ )
VARY CCDE = 010000
LABEL = Q4
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387.0 M 1.948 CM
1.298 MR -1.000
2.255 CM 0.0 0.0
1.503 MR 0.0 0.0 ~1.,000
0.504 CM 0.000 ~0.000 0,0
1.000 PC -0.000 0.000 0.0
*DRIFT * 3.0 15.CCOC M
402.0 M 0.023 €M
1.298 MR 0.000
0.020 CM 0.0 0.0
1.503 MR 0.0 0.0 ~0.000
0.504 CM =-0.,000 -0.000 .0 .0
1.000 PC 0.000 0.000 0.0 o0
*FIT* 10.0 2. 1. 0.C / C.001
0.C00
LABEL = FITS
*FIT* 1.0 4e 3. 0.0 / C.001
-0.000
LABEL = FITe6
*FIT* 10.C l. 1. 0.02¢C /7 G.010
N.023
VARY CODE = 2000C0O
LABEL = FITY
*FIT* 16.0 3. 3. 0.C20 7 C.010
0.C20
VARY CCDE = 200000
LABEL = FIT7
*TRANSFORM* ]
-0.23010 3,C8075 C.0 0.C 0.2 0.0
~C.44764 1.64740 C.C 0.C 0.0 0.0
0.0 0.0 =0.C7421 0.56 C.0 0.0
C.0 0.0 ~1.02264 C.27718 0.0 0.0
Q0.0 0.0 0.0 0.C 1.0C0¢C0 0.0
C.0 0.0 0.0 0.C 0.0 1.00000
*LENGTH* 401.59G63 M
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*CORRECTICNS*

{ 1.3621E-01) 0.0 C.000 0.000 -0.000
*COVARIANCE ( FIT G.1 )

0.0

0.0 0.001

0.0 -0.0C3 0.00C

0.0 -0.753 -0.CC7T C.CCO
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BEAM TRANSPUKT SYSTEM FOR SLAC BEAM SWITCHYARD END STATION A I11C

*BEAM¥ 1.C00000 25.0C GEV
0.0 M 0.0 0.300 CM
0.0 0. 100 MR 0.9
0.0 0.300 CM 0.0 0.0
0.0 0.100 MR 0.0 0.0 0.0
Q.0 0.300 CM 0.0 0.0 0.0 0,0
0.0 1.G00 PC 0.0 0.0 N0 0N 0.0
*BEND* 4.C00 5.00000 ™ 1.455 KG 0.0000 ¢« 3.5C0 D )
*ROT AT % 2.0 C.50 D
5.0 M 0.0 0.305 CM
0.0 04133 MR 0.171
0.0 04304 CM C.0 0.0
0.0 0,100 MR 0.0 0.0 D164
0.0 0+300 CHM -0.009 ~-0.001 0.0 C.0
0.0 1.000 PC 0.07T1 04657 0.0 0.0 ~0.000
*DRIFT % 3.0 8C.0COC M
85.0 M 0.0 1.153 CM
c.0 0.133 MR C.965
0.0 0.90] CM 0.0 0.0
0.0 04100 m#° 0.0 0.0 0.943
0.0 0.300 (M -0.003 -0.001 0.0 0.0
Cc.0 1.000 PC 0.624 0.657 0.0 CeN -0.000
*QUAD* 5.00 2.G000C M -2.085%8 KG 5.000 CM { =S5.,650 & )
taBetL = Q1
*DRIFT % 3.C 2,000C M
*QUAD* 5.00 2.00000 M 2.1943 KG 5.000 CM 9.843 M )
LABEL = «l
1.0 M 0.0 1l.661 CHM
0.0 0.392 MR ~0.998
0.0 0.582 C™ 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 Ce0
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.C 1.50 D

*BEND* 4.000 3.000C0 M 14.550 KG 0.0000 ( 2999 D )
*ROTAT* 2.0 1.50 O
*DRIFT * 3.C 1.000C M
*RUTAT % 2.0 1.50 D
*BEND* 4,000 3.0000C M 14.550 KG 0.0000 ( 20999 0 )
*ROTAT * 2.0 1.50 ©
*DRIFT* 3.C 1.0000 M
*ROTAT * 2.0 1.50 D
*BEND* 44000 3.00000 M 14.550 KG 0.0000 ( 2999 D )
*ROTAT* 2.0 1.50 D
*DRIFT * 3.0 1.0000 M
*ROTAT* 2.0 1.50 D
*BEND* 4,000 3.00000 M 14.550 KG 0.0000 ( 2.999 D )
*ROTAT* 2.0 1.50 D
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 MR 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
*DRIFT* 3.0 24.9203 M

LABEL = DR1
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*QUAD*

5.00

LABEL =

*TRANSFORM=* 1
~Ce33045 -0.00002 0.9
~Ce22846 ~-3,02617 C.C

*DRIFT*

*RUTAT *

*BEND*

*ROTAT*

*¥DRIFT *

*ROTAT*

*B END*

*ROTAT %

*DRIFT*

*RUT AT %

2.00000 M

3.5785 KG

0.0 0.0 -C. 797517
C.0 0.C -C. 73609
=0.22507 =-2.06457 C.0
C.0 0.C C.C
3.C 25.C765 M
LABEL = DR1
2.0 1.50 O
44000 3.00000 M 14.550 KG
2.0 1.50 O
3.0 1.0000 M
2.0 l.5C D
4,000 3.00CC0 M 14.55C KG
2.0 .50 D
3.C 1.C00C M
2.C 1.50 D

15,000 CM ( 17.815 ™ )

133.9 M
0.C 0.0 6.82236
0.0 0.0 =2.09424
-0.C0002 0.0 0.0
-1.25380 C.0 0.0
0.0 1.00000 ~0.29037
0.0 0.0 1.00000
159.0 M

0.C000 ( 2.999 D )

0.0000 2.999 D )

E~-110

6.823
2.117
0.239
0.254
0.471
1.000

1.765
2.117
0.853
0.254
0.471
1.000

cM
MR
(o]
MR
CM
PC

CM
MR
o
MR
e
PC

-N.617

~0.617



*BEND* 4,000 3.000CO M 14.550 KG 0.0000 { 2.999 D )
*ROTAT* 2.C 1.50 0
*DRIFT* 3.0 1.0000 M
*ROTAT * 2.0 1L.50 D
*BEND* 4.000 3.000C0 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 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 CM -0,000 0.000 0.0 0.0
0.0 1.000 PC 0.000 0.000 0.0 0.0 -0.804
*TRANSFORM% |
-1.26882 -12.42980 0.0 0.0 0.0 0.00001
—-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.€2031 ~1.1057¢6 0.0 0.0
~C.00C00 =-0.00001 0.0 0.0 1.00000 =-0.40547
C.0 0.0C C.C 0.0 0.0 1.00000
*QUAD* 5 .00 2.00000 -2.1150 KG 5,000 CM ( =9.532 M )
VARY CGDE = 010000
LABEL = Q3
*DRIFT* 3.C 2.0C0C M
*QUAD* 500 2.00000 M 241487 KG 5.000 CM ( 10.044 M )
VARY CCCE = 010000
LABEL = Q3
*DRIFT* 3.0 200.0000 M
381.0 M 0.0 4,000 CM
0.0 0.299 MR 1.000
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0.0 1.500 CM 0.0 0.0
0.0 O0.113 MR 0.0 0.0 0.984
0.0 0.504 CM 0.000 0.000 0.0 0.0
0.0 1.000 pPC -0.000 -0.000 0.0 0.0 ~0.804
*FIT* 10.0 1. 1. 4.,C00 / C.100
4.C00
VARY CODE = 200€00
LABEL = FIT4
*FT* 10.C 3. 3. 1.500 / C.100
1.500
VARY CODE = 2C0000
LABEL = FIT4
*TRANSFORM* )
4.77126 37.35184 C.C 0.0 0.0 -0.00003
0.33310 2.811729 0.C 0.0 0.0 ~0.00000
0.0 0.0 4.591C7 -0.89241 0.0 0.0
C.0 0.C G.37533 0.13324 0.0 0.0
~-0.00C00 -0.0C001 0.C 0.0 1.00000 -0.40547
C.0 0.0 0.0 0.0 0.0 1.00000
381.0 M 0.0 4.000 CM
0.0 0.299 MR 1.0C0
0.0 1.500 CM 0.0 0.0
0.0 0. 113 MR 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 -0.0G60 0.0 0.0 -0.804
*QUAD* 5.00 2.00000 M 248115 Ko 5.000 CM | 7.759 M )
VARY CCCE = C€10000
LABEL = (4
*DRIFT* 3.C 2.000C M
385.0 M 0.0 2.551 CM
0.0 4,896 MR -1.000
0.0 2,179 CHM 0.0 0.0
0.0 2.242 MR 0.0 0.0 1.000C
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
*QUAD* 5400 2.00000 M -3.4253 KG 5.000 CM { -5.,765 M )
VARY CGDE = 010000
LABEL = Q4
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*DRIFT*

*FIT*

*FIT%

*FIT*

VARY

*FIT*

VARY

3.C

10.¢C

LABEL

¥*TRANSFORM= 1

*LENGTH*

15.0000 M

10.C 4. 3. 0.0
0.000
LABEL FITé6
10.0 1. 1. 0.020
0.023
CCDE 200000
LABEL FIT?7
10.0 3. 3. 0.020
0.020
Coote 200000
LABEL FIT7
=-0.23010 3.08075
~0.44764 1.641740
0 0.0
0 0.0
C 0.0
0 0.0
401.9953 M

/ 0G.001

/ 0.001

/ 0.010

/ 0.010

0.0
0.0
-C.C7421

-1.02264

C.C
0.0

0.C
0.0
0.99798
0.27718
0.0
0.0

[*RaleNeNole]

[eNeReNeNeNe)

387.0 M

402.0 M

0.0

0.0

0.0

0.0

0000 0.0
1.00000

E~113

1.948
1.298
2.255
1.503
0.504
1.000

0.023
1.298
0.020
1.503
0.504
1.0G0

CM
MR
CM
MR
(o1, ]
pPC

CM
MR
CM
MR
cM
PC

-1.00C0

0.0
0.000

~0.000

-0.000
0.0
0.0

~0.000
0.000

0.0

0.0
-0.000

0.000

0.0

0.0
-0.000

0.000

[=NeNe



YUNCERTAINTY (M MISALIANMENT OF MAGNETIC TRIPLET'

0

(THIS 1S AN EXAMPLE OF AN UNCERTAINTY IM THE MISALIGNMENT OF A TRIPLET,)

(ZERO PHASE SPACE IS USED, IT IS SIMILAR TO EXAMPLE THREE 1N SECTION EIGHT OF)
(SLAC 91, THE UNCERTAINTIES APPEAR IN THE PHASE SPACE ELLIPSE PRINTOUT.)

1.0 0,0 0.0 0.0 0,0 0.0 0,0 1.0 ;

3.66 ;

0.0 2.0 ;

0.45730 ~-14,50800 10.15 ;

0.15250 ;

0.0 1.0
0.91400
0.15250
0.45730
0.1 0.1
0.1 0.1
0.1 0.1
2.13500
13.0 4,0 ;
SENTINEL

oo

.39750 10.15 ;

[en]
S ]
o
oo o

<o

OO C-.
—

=
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P bt et 5

.
ocoown
PPN
R e
.« e

WO 0000 UTWWMO WUVtO W
COODOODOCOOOCOQOOOO

N OO N
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UNCERTAINTY IN MISALIGNMENT OF MAGNETIC TRIPLETY

0

THIS 1S AN EXAMPLE OF AN UNCERTAINTY IN THE MISALIGNMENT OF A TRIPLET,

LERO PHASE SPACE IS USED.

SLAC 91. THE UNCERTAINTIES APPEAR IN THE PHASE SPACE ELLIPSE PRINTOUT,

1.00000 C.0
3.00000 3,66000
6.0C00C C.0
5.CC000 C.451730
3.0C00¢C Ce15250
6.CCOCO 0.0
5.CC000 C.91400
3,C0000 C.15250
5.0C0000 0.45730
8.CC000 C.10C00
8.C0000 ¢.100CC
8.,0CQ0CO C.1C000
3.0C0C0 2.13500
13.CC000 4,00000

SENT INEL

0.0

2.0C3C0

-l4.5C8CC

1.CCOCO

8436750

~14.5030¢C

0.1C000

0.10000

0.10000

C.Q

10.15000

10. 15000

1C.15C00

0.10000

0.10000

0.10000

0.C 0.0 0.0

0.10000 0.10000 0.10000
0.10000 0.10000 0.10000

0.10000 0.10000 0.10000
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IT 1S SIMILAR TO EXAMPLE THREE IN SECTICN EIGHT OF

1.00000

0.0

1.00000

2.,00000



IN MISALIGNMENT OF MAGNETIC TRIPLET

UNCERTAINTY

1.0C GEV

1.00CC00

*BEA MK

0.0

3.,66CC ™

3.0

*DRIFT*

2.00

(0.)

6.00

*UPCATE*

3.7

( =044l M )

-14.5080 KG 10.150 CM

0.45730 M

5.C0

#*QUAD*%

4.1

Cel525 M

3.0

*DRIFT*

4,3 M

2.0

1.00

(0.}

6.00

¥UPCATE®

4.3

0.0

{ Ce640 M}

5.00 0.91400 M 843975 KG 10.150 CM

*QUA D%

CM

0.0

0.0

5.2
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3.0 0.1525 M

*DRIFT*

5.3

( -0.441 M )

10.150 CM

~14.5080 KG

M

0.45730

5.00

*QUAD*

5.8 M

0.9

0.10C CM 0.10 MR 0.100 CM 0.10 MR 0.100 CM 0.10 MR CD=*

8.C00000

*ALIGN=*

5.8

0.10 MR 0.100 CM

0.10C CM 0.10 MR 0.10C CM

8.CCCQOO0

®ALIGN*

0.0

M

5.8

0,100 CM 0.10 MR 0.100 CM 0.10 MR 0.100 CM

8.C00000

*ALIGN*

5.8

2.135C M

3.0

*DRIFT*

0.946 CM

7.9

3.535 MR

0.569 CM

0.885

3.526 MR
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*TRANSFCRMx

0000

COOQOOCO

OCOQOO~

0.21350
1.00000

1.C0000

7.9286 M

*LENGTH*
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'DELIBERATE DISPLACEMENT OF A TRIPLET'
0

(THIS 1S AN EXAMPLE OF A KNOWN DISPLACEMENT IN A TRIPLET. A FINITE PHASE)
(SPACE IS ENTERED,AND THE DISPLACEMENT APPEARS IN THE BFAM CENTROID,)

1.0 0.1 0,2 0.3 0.4 0,50 0.6 7.0 ;

3.66 ;

0.0 2.0 ;

0.45730 -14,50800 10.15 ;

0.15250
0.0 1.0
0.91400
0.15250
0.45730

.39750 10.15 ;

o
.
—
(=3
.
—
OO ) N GOSN N
.
-
—
[o=]
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DELIBERATE CISPLACEMENT OF A TRIPLET

0

THIS IS AN EXAMPLE OF A KNCWN DISPLACEMENT IN A TRIPLET.

A FINITE PHASE

SPACE IS ENTERED,AND THE CISPLACEMENY APPEARS IN THE BEAM CENTROID.

1.0000¢
3.00000
6.0C000
5.00000
3.00000
6.C0000
5.C0000
3.C0C00¢C
5.0C000
8.CC000
8.CG000
8.0G000
3.0€000
13.0€000

SENTINEL

C.1C0CC 0.2C0CC

2.66CCC

C.0 2.CQ0C0

C.45730 -14,5C80C

Ce15250

Ce0 1.0C0CO

0.91400 8.3575C

Cel5250

0«45730 -14.5C8CC

0.10C000 0.10000

C. 10000 0.100C0

C.10000 0.1C0C0

2.135C0

4.0C000

C. 30000

1C. 15000

1C. 15000

10.15000

0.10000

C. 10000

0.10000

0.40000

0.10000

0.10000

0.10000

0.5C000

0.10000

0.10000

0.10000

C.60000 7.00000

0.10000 100.00000
0.10000 101.00000

0.1000C¢ 102.00000
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DELIBEKATE CISPLACEMENT OF A TRIPLETY

*BEAM®

¥DRIFT*

*UPCATE®

*QUAD*

*DRIFT*

*UPDATE*

*QUAD*

1.€00000 7.C0 GEV
3.C 3.660C M
6.00 (0.} 2.30
5.00 0.45730 M -14.5030 KG 10.15C CM
3.0 C.1525 M
6.00 (0.) 1.00
5.00 Ce31400 M 8.3875 KG 10.150 CM

{

(

-3.497 M )
4.1 M

3.246 M )
5.2 M

E-119

C.100
0.200
0.300
0.400
0.500
0.600

0.124
0.200
C.334
0.400
0.500
0.600

0.124
0.200
0.334

0.400

0.500
0. 600

0.138
0.510
0.321
0.822
0.500
0,600

0.145
0.510
0.310
0.822
0.500
04600

0.145
0.510
0.310
0.822
0.500
0.600

0.167

(]

(o]
MR

PC

CM

™
MR

PC

CH

[eNeNe)
« o o

OO0
. e .

-0.891
0.0
0.0

~0.882
0.0
0.0

~0.882
0.0
0.0

[pRe]
..
[»Ne)

e Ne)

QD
.
fo o]

DO
.



*DRIFT*

*QUAD*

*ALIGN*

*ALIGN®

*ALIGN®*

*DRIFT*

3.0 0.1525 M

5.3 M
5.00 0.45730 M =-14.5080 KG 104150 CM  (  =3,497 M )

Se8 M
8.C000C0 0.100 CM 0.10 MR 0,100 CM 0,10 MR 0.100 CM

5.8 M
4.C0CCCC 0.1CO CM C.10 MR 0.100 CM 0.1L0 MR 0.100 CM

5.8 M
8.C00CCC 0.1CC CM 0,10 MR 0.100 CM 0,10 MR 0.100 CM

5.8 M
3.C 2.1350 M

7.9 M

E~120

0.10 MR
-0.007
-0.292

0.006
0.268
0.0
0.0

0.10 MR
0.007
-0.215
-0.006
0.256
0.0
0.0

0.10 MR
-0.013
~0.472

0.024
0s447
0.0
0.0

~0.114
~0.472
C. 119
0.447

0.121
0.290

04497
0.500
0.600

0.167
0.121
0.294
0.497
0.500
0.6C0

0.177
0.477
0.288
0.662
0.500
0.600

CD#
0.177
0.477
0.288
0.662
0.500
0.600

CD#*
0.177
0.477
0.288
0.662
0.500
0.600

0.277
0.477
0.199
0.662

100.0C

cM
MR
M
(4

102.0

M
MR
M
MR
CM
PC

M
MR
cM
MR

-0.154
0.0 0.0
0.0 0.0 0.551
0.0 0.0 0.0
0.0 0.0 0.0
-0.143
0.0 0.0
0.0 0.0 0.569
0.0 0.0 0.0
0.0 0.0 0.0
0.972
0.0 0.0
0.0 0.0 -0.,778
0.0 0.0 0.0
0.0 0.0 0.0
0.972
0.0 0.0
0.0 0.0 ~-0.778
0.0 0.0 0.0
0.0 0.0 C.0
0.972
0.000 0.0
0.000 €.2C00 -0.778
0.0 0.0 0.0
0.0 0.0 0.0
0,972
0.0 -0.000
-C.000 -0.000 -0.778
0.0 0.0 0.0
0.0 0.0 0.0
0.988
-0.000 -0.000
-0.000 -0.000 -0.,416

>0
.« e
[=Ne]

[=Ne)
. .
(= Ne)

(o Ne)
. o
(o M=)



*TRANSFORM® 1

1. 00000 0.21350 0 0.0
0.0 1.C000C 0 0.0
C.0 0.0 1.00000 0.2
C.0 0.C 0 1.C
C.0 C.C 0 0.0
C.0 0.0 0 0.C
LENGTH* 7.5286 M
IHC2171 FIOCS - END OF DATA SET ON UNITY 5
TRACEBACK FGLLOWS- ROUTINE 1SN REG. 14
IBCOM 000755FC
BKKIN 0013 40066060
TITLE 0029 4007BD6A
FITTIN 0046 4CCTB56A
MATIN 00015C84A

ENTRY PUINT= 01078338

SUMMARY OF ERRORS FOR THIS J0B

ERRUOR NUMBER

350
000

0000

O~ 0000

REG. 15

0007DOES8

C0075248

00065F50

00078628

0107B338

NUMBER OF ER

1

0000

REG. 0
00000001
00000000
00000000
0000000F

FDOCcQos

RORS

E—121

oo
)
ocQ

REG. 1

00065F0D4

00065FD4

0007883C

00078414

COOADFF8

0.500 CM
0.600 PC



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 1s 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 1s 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.0. Box 43L9

Stanford, California 94305

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

Reports Distribution Office
SLAC

P.0. Box 4349

Stanford, California 94305
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INTRODUCTION

TRANSPORT/360 is a computer program for the design of
static-magnetic beam transport systems.

This report (SLAC-91) supercedes the original TRAMSPORT instruction
manual issued in October, 1963 by C. H. 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. A1l of the second-order portion of the
program has been thoroughly de-hugged using appropriate magnetic
ontical theorems, direct comparisons with hand calculations, and
comparisons with results from ray-tracing programs,

h) Fringing-field corrections to the first-order transverse-optics
of bending magnets have been added to the program via the Type Code 16.
elements,

c¢) The program has been translated from the original Balgol
version to Fortran. (We herehy wish to acknowledge the important
contribution made by Stan Kowalski of M.I1.T. in effecting this
translation).

d) A complete free-field format for data input has bheen added to
the Fortran version thereby considerably simplifying the use of the

program,



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 heen made to introduce second-order corrections
(curvatures) to the input and output faces of bending magnets via Type
Code 16. elements to facilitate correcting for various second-order
aberrations,

g) 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 first- and second-order

matrix theory of beam transport optics(1,2).



Mathematical Formulation of TRANSPORT(=*)

The following of a charged particle through a system of masnetic
lenses may be reduced to a process of matrix multiplication. At any
specified position in the system an arbitrary charged narticle is
represented by a vector (single column matrix), X, whose components are
the positions, angles, and momentum of the particle with respect to a

specified reference trajectory.

[(x ]

> o~ g

[
Definitions:

X the radial displacement of the arbitrary ray with respect to

the assumed central trajectory.

6 = the angle this ray makes in the radial plane with respect to
the assumed central trajectory.

y = the transverse displacement of the ray with rospect to the
assuined central trajectory.

¢ = the transverse angle of the ray with respect to the assumed

central trajectory.

(*) For a more complete description of the mathematical basis
of TRANSPORT, refer to SLAC Report 75, the Appendix of
this report and to other References listed at the end of

this report.



{ = the path length difference between the arbitrary ray an:d the
central trajectory
6 = 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 passage
of a charged particle through the system may be represented by the

equation:
x[1] = R x|o] (1)

where X[O] is the initial coordinate vector and X P] is the final
coordinate vector of the particle under consideration; R is the
transformation matrix for all such particles traversing the system (one
particle differing from another only by its initial coordinate vector

x [0} ).

The traversing of several maznets 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(1) of the individual matrices of the system
elements. The following of a charged particle via TRANSPORT through a
system of magnets is thus analogous to tracing rays throuzh a system of
optical lenses except that TRAMSPORT 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

sreater precision than a second-order TRANSPORT calculation pernits,



ray-tracing programs which directly integrate the basic differential
equation of motion 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
hundle 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 bhe
represented in coordinate phase-space by an ellipsoid whose coordinates
are the position, anzle, and momentum coordinates of the arbitrary rays
in the beam about an assumed central trajectory. Particles in a BEAM
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 cormmonly referred to as
the "phase space" occupied by the BFAM, The validity and interpretation
of this phase ellipse formalism must be ascertained for each system
heing designed, However, in general, for charged particle beams in, or
emanating, from accelerators, the first-order phase ellipse formalism of
TRANSPORT 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.



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

form as follows:

X[O]TGIO]-] x[o] =1 (2)

where X[O]T is the transpose of the coordinate vector X[O], and 0[0] is
a real, positive definite, symmetric matrix.

The volume of the n-dimensional ellipsoid defined by sigma is
%%m——j (det GfVQ , the area of the projection in one plane is

"mn rojs

A= 1 (det d)b/ﬁ. This is the 'phase space" occupied by the bean.

As a particle passes through a system of magnets, it undercoes the
matrix transformation of equation(l)., Combhining this transformation
with the equation of the initial ellipsoid, and using the identity

RR = T (the unity matrix), it follows that:
x[] g ) o[o] (R7'R) x[o]

from which:

(RX [0] )T(Ra[o] /Ty (rx [0]) =1 (3)

The equation of the new ellipsoid after the transformation

becomes:

x[1]T 0[1]'] x[1] =1 ()



where:
o[l] a Ro[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 "heam size" and the
off-diagonal 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(5), given the initial
"phase space" represented by the matrix elements of 0[0’.

Several types of physical elements have been incorporated in the
program to facilitate the design of very general beam transport systems,
included are: an arbitrary drift distance, hending magnets,
quadrupoles, sextupoles, solenoids, and an accelerator section (to
first-order only). Provision is made 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 TRANSFORM (R) matrix
representing the transformation of an arbitrary ray through the system
and/or to impose first-order fitting conditions upon the phase ellipse
(Sigma) matrix representing the transformation of a bhundle of rays
throush the system, Thus, in principle, the program is capahle of
searching for and finding the first-order solution to any

physically-realizabhle prohlem, In practice, life is not quite so

* See the appendix of this report for a derivation of these
statements,



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 hrief 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.



INPUT FORMAT FOR TRANSPORT/360

The input format for TRANSPORT/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 hetween the quotes will be used as a
heading in the output of the TRANSPORT run,

The second card of the input is the IMDICATOR card. |If the data
which follows describes a new prohlem, a zero(0) 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 SENTIMNEL 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 length, magnetic field strength, etc. and, optionally, a one-~to-four
character lahel (enclosed hetween single quotes)., The type code numbers
and their interpretations are summarized in TABLE |, If the type code
number is negative, the element will be ignored in the calculation which

follows, but may be used in a succeeding calculation,

0-9



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., |t may contain
up to four characters. It will he 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(0). 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

easier to prepare input than the standard fixed-field formats of



FORTRAN, Numbers may be 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,g.(2.47) may be represented in any of the

following ways:

2.47

0024743

.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 fitting. The type
ten element which specifies the fitting condition is labeled FIT1. It
is active for the first order calculation but is turned off for the
second order calculation. The vary codes for elements DR1 are
set to zero for the second-order problem. The second order element,
SfCl, is ineffective durineg the fitting, but causes the program to
compute the second-order matrices in the second calculation. The word

SENTIMEFL need not be punched on 3 separate card.

0-11



An FExample of a TRANSPORT/360 Input Deck

'FORTRAN H CHECK ON BETA FIT'

0

1. .5 1, .5 1. .5 1. 1.
-17. 'SEC1' ;

3.3 2,745 'DR1' ;

2, 0. ,; 4., 9.879 10. .5 ; 2. 0.
3.3 2.745 'DR1' ;

13, L.

10. ~-1. 1. 0. .0001 ‘FIT1' ;
SENTINEL

'SECOND ORDER'

1

17. 'SECl' ;

3.0 'DR1'

-10, 'FIT1'

SENTINEL



The figure below shows the 360 TRAMNSPORT deck setup. If the data
are punched on an 026 keypunch instead of an 029 keypunch, one should
precede the title card with a card on which the characters KEY93 are

punched in any column. No imbedded blanks are allowed in this control

statement,.

Job Terminator Card (//)

Sentinel

Data

Indicator Card

Title Card

(KEYS30) if needed

CALL DECK (JCL)

JOB CARD

Hdote that as many problems as one wishes may be stackerl

in one job,

-13
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TABLE I

TYPE 2ad 3rd bth Sth 6th Tth 8th 9th
PHYSICAL ELEMENT CODE ENTRY ENTRY ENTRY ENTRY ENTRY ENTRY ENTRY |ENTRY
BEAM 1. vwvvvvO x_‘cm) 9 ‘mr) ¥ (em) ¢ (mr) £ _(cm) & ‘percent) s
R.M.S. ADDITION TO AP
BEAM ENVELOPE 1. Ax cm) A6 (mr) 4y {cm) A9 (mr) Al {cm) 48 {percent) | %/ o
POLE FACE ROTATION 2.v ROTATI N Degrees
DRIFT 3.v LENSTH  meters)
FIELD GRADIENT
BENDING MAGNET 4.0vv LENGTH( meters) FIELD {kg) (n-value)
QUADRUPOLE 5.vv0 LENGTH(meters) FIELD {kg) HALF-APERTURE' cm)
TRANSFORM 1 UFDATE 6. 0. 1.
TRANSFORM 2 UPDATE 6. 0. 2.
BEAM CENTROID SHIFT 7. SHIFT! x)( cm) SHIFT(6) (mr) SHIFT(y){cm) SHIFT(®) (mr} SHIFT(/)(cm) SHIFT(4)(percent)
CODE
JALIGNMENT TPOLERANCE | 8.vvvvvvO| DISPLACEMENT(x)cr ROTATION(8 )mr DISPLACEMENT(y)cm ROTATION(¢@)mr DISPLACEMENT({)cm ROTATION(@)mr NUMBER
NUMBER OF
REPEAT CONTROL 9. REPEATS
DESIRED VALUE OF
. {I,J) MATRIX ACCURACY OF
FITTING CONSTRAINTS 10, i1 J ELEMENTS FIT
Note: + I is used for fitting a beam (o) matrix element. - I is used for fitting an Rl matrix element.
- (I + 20) is used for fitting &n R2 matrix element.
Elenergy gain) @ [ phase lag)
_%%%EERATOR 11. LENGTH( meters ) (Gev) {Degrees ) ( WAVELENGTH ) ( cm)
{Rotated Ellipse) 12, THE FIFTEEN CORRELATIONS AMONG THE SIX ELEMENTS (This entry must be preceded by a Type Code 1. entry).
NPUT/OULFUT CONTRCL
OPTIONS 13. CODE_NUMBER
ARBITRARY R MATRIX | 14.vvvvvvO R(Z,1) R/J,2) R(J,3) R(J, ) R(J,5) R{J,6) J
[ONTTS CONTROL
(Transport SCALE FACTOR
Dimensions) 15, CODE LABEL (if required)
- g %\2
€)= 8(p)
QUADRATIC TERM /dimensionless)
OF BENDING FIELD 16. 1. x =1
IMESS OF PARTICLES
IN BEAM 16. 3. M/m {dimensionless)
IMALF-APERTURE OF
BENDING MAG. in x
PLANE 16. ' w/2 (em)
HALF-APERTURE OF
BENDING MAG. in y
PLANE (gap) 16. 5. g/2 (cm)
LENGTH OF 3YSTEM 16, 6. L. (meters)
[FRINGE FIELD CORR-
|ECTION COEFFICIENT 16. 7. Kl (dimensionless)
FRINGE FIELD CORR-
ECTION COEFFICIENT 16. 8. K2 {dimensionless)
CURVATURE OF
ENTRANCE FACE OF
BENDING MAGNET 16. 12. (1/RL) ‘1/meters)
CORVATURE OF
EXIT FACE OF
BENDING MAGNET 16. 13. (1/R2) ‘1/meters)
FOCAL PLANE angle of focal plane rotation {Degrees)
ROTATION 16. 15, See section 16 for details.
ER
CALCULATIONS 17.
SEXTUPOLE 18. LENJTH( meters) FIELD {kg) HALF-APERTURE ' cm)
SOLENCID 19.vv LENGTH{ meters) FIELD (kg)
ANGLE OF
3EAM ROTATION 20.v ROTATION( Degrees)
STRAY FIELD 21. See later section of report. = _ | I o _

Note: The v's following the type codes indicate ghe parameters which may be varied. See section under type code 10.0 for a detailed explanation of Vary Codes.
The units are standard TRANSPORT units (as shown) unless changed via type code 15.0 entries.
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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 JPB  userid,bin#,CLASS=E
//3$BLIB DD DSNAME=SYS1.USERLIB,DISP=SHR
//STEPL EXEC PGM=TRANS

//FTOLFOO01 DD SYSPUT=B

//FTO6FO0L DD SYSPUT=A

//FTOSFOOL DD *

If you wish the output to be returned to the terminal for a CRBE run change
SYSPUT=A to SYSPUT=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  JPB  (acet#,bin#,1.0,05,001,,1,,X), 'your name',MSGLEVEL=1
//IYBLIB DD DSNAME=SYS2.PRAGLIB,DISP=(fLD,PASS)

//STEPL EXEC PGM=TRNSP{RT

//FTO6FO0L DD SYSPUT=A

//FTO4FOOL DD UNIT=SYSCP,DCB=(RECFM=F, BLKSIZE=80)

//FTOSFOOL DD *

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

1) ,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 18,
HASP.

0-1hkg



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 wmarks on a single

card. For TRANSPORT/360, the quotes may be entered in any coluwn (Free

field format).

txample of a DATA SET:

Ist card 'SLAC 20/GeV/c SPECTROMETER'
2nd card 0

data
Last card SENTINEL

SENTIHEL (need not bhe on separate card)

R S S

DATA

0 or 1

[ﬁTITLE CARD



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(0) is punched in any column
on the card. |[f the data which follow describe changes to be made in
the previous problem, a one(l) is punched in any column on the card. Mo

other entries are allowed on this card.

The sample problem input which is included helow 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.

'"FORTRAN H CHECK ON BETA FIT!

0 (Indicator Card)

1. .5 1. .5 1. .5 1. 1.

-17. 'Seci' ;

3.3 2,745 'DR1'

2. 0. ; 4. 9,879 10. .5 ; 2. 0.

3.3 2.745 'DR1' ;

13, 4.

10. =-1. 2. 0. .0001 'FIT1'

SENTINEL

"SECGHD ORDER'

1 (Indicator Card)

17. 'seci'

3.0 'DR1'

-10. 'FIT1'

SENTINEL



COMMENT CARDS

Comment cards may be Introduced in the data deck before any type
code entry by inclosing the comments made on each card by single

parentheses. No parentheses or quotation marks are allowed within the

parentneses of any comment card.

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

'Title Card'

0

(THIS IS A TEST PROBLEM TO ILLUSTRATE THE)
(USE OF COMMENT CARDS)

data

(COMIMENTS MAY ALSO BE MADE BETWEEN)

(TYPE CODE ENTRIES OF THE DATA SET)

data

SENTINEL



INPUT BEAM 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 hy
the semi-axes of a 6-~dimensional erect* beam ellipsoid representing the
phase space variables x,6,y,¢,L, and 8. Each of these six parameters is
entered as a positive quantity, but should he thought of as *x, +6, etc;
hence, the total beam width is 2x, the total horizontal beam divergence
is 26 and so forth,

Mormally, the BEAM card is the third 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
made. Standard TRANSPORT units for x,6,y,¢,f, and § are cms, mr, cms,
mr, cms, and percent. The standard unit for the momentum P(0) is GeV/c.

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

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

2- One-half the horizontal beam extent (x) (cms in standard units)
3- One-half " " " divergence (6) (mr).

b~ One~half the vertical beam extent (y) (cms).

5~ One=half " " " divergence (¥) (mr).

6- One-half the longitudinal beam extent (£) (cms).

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

8- The momentum of the Central Trajectory (P(0)) (GeV/c).

*For a rotated (non-erect) phase ellipsoid input, see
Type Code 12.



All eight entries must be made even if they are zero(0) 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 = + 0.5 cms, 6=+ 2,0 mr, vy = + 1.3 cms, ¢= 2+ 2.5 mr,

L=+ 0.0 cms, 5=+ 1.5 percent AP/P, and the central momentum
P(0) = 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
example, the R(12) = (x/6) matrix element will have the dimensions of
cms/mr; and the T(236) = (6/y%) matrix element will have the dimensions

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

The longitudinal extent £ 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
ellipse orientations are printed in a triangular array (see the

following pages).



THE PHASE ELLIPSE BEAM MATRIX

The beam matrix carried in the computer has the following

construction:

X 6 y
X o(11)
6 0(21) 0(22)
v 0(31) 0(32) 0(33)
@ o(41) o(42) o(43) o(4b)
/) 0(51) 0(52) 0(53) o(54) 0(55)
¢ o(61) 0(62) 0(63) o(64) 0(65) 0(66)

The matrix is symmetric so that only a triangle of elements

needed.

In the printed output this matrix has a somewhat different format

for ease of interpretation:
X 0 y @ !
X o(11) Cii
6 | foc22) MR r(21)
v \Jo(33) CHi r(31) r(32)
@ NEZLTY MR r(usl) r(42) r(43)
/ o(55) cH r(51) r(52) r(53) r(54)
() 0(66) PC r(gl) r(62) r(63) r(gu) r(65)




g (ij)
o (1) o392

where: r(ij) =

As a result of the fact that the ¢ matrix is positive definite, the
r(ij)'s satisfy the relation

lr(ij)l < 1

The full significance of the 0 (ij)'s and the r(ij)'s are discussed
in detail in Appendix I ("Description of Beam Matrix"). The units are
always printed with the matrix.

In brief, the meaning of the\ﬁ;(ii)'s is as follows:

'J;(ll) X ax = The maximum (half)-width of the beam envelope in the

x(bend) plane at the point of the printout.

%(22)

n

Omax = The maximum (half)-angular divergence of the beam

envelope in the x(bend) plane.

Vo (33)

= Vpax = The maximum (half)-height of the beam envelope.
‘V;(ub) = Ppax = The maximum (half)=-angular divergence of the beam

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

1}

\F;(SS) gmax = 1/2 the longitudinal extent of the bunch of

particles,

\Ja(s6)

]
O
]

The half-width 1/2 (AP/P) of the momentum interval
being transmitted by the system.

The units appearing next to the\ﬁ;(il)'s in the TRANSPORT printout
sheet are the units chosen for coordinates x, §, vy, ¢, £ and é = AP/P

respectively,
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To the immediate left of the listing of the beam envelope size in
TRANSPORT printout, there appears a column of numbers whose values will
normally be zero. These numbers are the coordinates of the centroid of
the heam 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.) is used.

2) When a Beam Centroid shift (Type Code 7,) is used.

or 3) When a 2nd-order calculation (Type Code 17.) is used.

a



To aid in the interpretation of the phase ellipse parameters listed

above, an example of an (x,6) plane ellipse is illustrated below. For

further detalls the reader should refer to the appendix of this report.

[op
Ot = %2 _22
%1
CENTROID
1358Al

A Two Dimensional BEAM Phase Ellipse

The area of the ellipse is given by:

1/2

A = m(det o) = X 6 = X 2]
max int int max



rms ADDITION TO THE BEAM Type Code 1.0

To allow for physical phenomena such as multiple-scattering,

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

the beam envelop to bhe made, There are nine entries to be included:

1
2

Type Code 1.0 (specifying a BEAM entry follows)

one-half the rms addition to the horizontal beam
extent (Ax)(cms).

one-half the rms addition to the horizontal beam
divergence (48)(mr).

one-half the rms addition to the vertical beam
extent (Ay)(cms),

one-half the rms addition to the vertical beam
divergence (A9Y)(mr).

one-half the rms longitudinal beam extent
af)(cms).

one-half the rms momentum spread (AJ)

(in percent AP/P),

the momentum change in the central trajectory
(AP(0)) in (GeV/c).

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:

.

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
bending magnets, the Type Code 2.0 element is used.
There are two parameters:

1 - Type Code 2,

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

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

magnet (Type Code 4,) 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 he represented by the three
entries: 2. 5. ; W4, =--; 2,5, ;

The angle of rotation may be varied., For example, the element
2,1 5. ; would 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.

* |t 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.




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:

\V Label (if desired)
2.0 B. 'RO' ;

The units for B are degrees.



POLE-FACE ROTATION MATRIX

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

TRANSPORT calculation is as follows:

(1 0 0 0 0 o\
tan B 1 0 0 0 0
)
R = 0 0 1 0 0 0
0 0 0 0 1 0

\0 0 0 0 0 1/

Definitions: P

angle of rotation of pole-face (see figure on

following page for sign convention of #)

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(1), and K(2) TRANSPORT

entries.

** See SLAC-Report No. 75 (page 74) for a discussion of ¥.
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DRIFT Type Code 3.0

A drift space is a field=-free region through which the beam passes.
There are two parameters:

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

2 - (effective) drift length (meters).

Typical Input Format for a DRIFT

Label (if desired) (not to

exceed 4 spaces between
quotes)
3.0 6.0 'D1' ;
DRIFT SPACE MATRIX

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

/& L 0 0 0 €\

0 1 0 0 0 0
0 0 1 L 0 0
0 0 0 1 0 0
0 0 0 0 1 0

where

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

units symbol
I 47———————-scale factor (if needed)

15. 8. ' ' ; type code entry (if used) preceding the BEAM
(Type Code 1.) card. |If no 15. 8. entry is made, the units of L. will

automatically be in METERS (Standard TRANSPORT/360 units).



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 ).

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

magnet via Type Code 4,0x»

1 - 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(0) in KG,
B(0) = 33.356 (P/p)
where P is the momentum in GeV/c and p is the
bending radius of the central trajectory in meters.
L - The field gradient (n-value) dimensionless; where n is

defined by the equation By(x,O,t) = By(O, 0, t)[1-nhx+ ...],
where
h = 31_ . See SLAC-75 (page 31).
B(0), and n may beovaried 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:

i;——————Label (not to exceed L4 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.

§-1



If fringing field effects are to be 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 might be:

I——————-Labels (not to exceed U4 spaces) if desired
! ] .

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 lahels is optional and that all data

entries may be made on one line if desired,



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.) 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:

\E——————Labels (not to exceed 4 spaces) if desired
20. =-90. ' ' ;
2.0 (L), ' ' ;
4.0 L. B, n. ' ' ;
2.0 B(2)., * '
20. +90. ' ' ; (returns coordinates to their initial
orientation)
A bend down is accomplished via:
20. +90. ' ' ;
2.
L,
2.

20. =-90. ' ' ;

L=3



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.
L,
2.
20. =-180 ' '
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1st ORDER
WEDGE BENDING MAGNET MATRIX

1, B_ .
cos ka = sin ka 0 0 0 N [1-cos kL]
X
X
-k sin k_L cos kL 0 0 o] (E)sin k_L
X b d X kx X
0 0 cos k L L sin k_L|O 0
y k y
N
0 0 -k sin k L]cos k L 0 0
y y ¥y
h h h2
-sin kL -=5[1-cos k_L] 0 0 1 -;§[ka-S|n kL]
X < X
0 0 0 0 0 1
Definitions: h = L , k2 = (1-n)h2, k2 = nh2
Po X y
o = hL = The angle of bend
L = path length of the central trajectory

The field expansion for the midplane of a bending magnet is taken
from eq(18) page 31 of SLAC-75 thereby defining the dimensionless

quantities n and B as follows:
- 2.2 3.3
By(x,o,t) = By(o,o,t) [1-nhx +Bh“x™ +yh x> + ...] (18)

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

TRANSPORT/360 calculation is:



J:————Label (not to exceed 4 spaces)
4.0 L. B. 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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ILLUSTRATION OF THE MAGNETIC MIDPLANE (x AXIS) FOR DIPOLE, QUADRUPOLE AND SEXTUPOLE ELEMENTS .
THE MAGNET POLARITIES INDICATE MULTTIPOLE ELEMENTS THAT ARE POSITIVE WITH RESPECT TO EACH (OTHER.



QUADRUPOLE 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:

Label (if desired) not to exceed 4 spaces
between quotes
5.0 L. B. a. ' ' ;

The data may be entered in FREE FIELD format. The standard
TRANSPORT/360 units for L. B. and a. are Meters, KG, and cms
respectively, |f other units are desired they must be chosen via the
appropriate 15. type code entries preceding the BEAM (Type Code 1.)

card.
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Ist ORDER
QUADRUPOLE MATRIX

cos qu T sin qu 0 0 0 0
a
-kq sin qu cos qu 0 0 0 0
0 0 cosh k L L sinh k. L 0 0
a k a
a
0 0 kq sinh qu cosh qu 0 0
0 0 0 0 1 0
0 0 0 0 0 1

These elements are for a quadrupole which focuses in the horizontal
(x) plane (B positive). A vertically (y plane) focusing quadrupole (B

negative) has the two partial matrices interchanged.

Definitions: L the effective length of the quadrupole

the radius of the aperture

a

BO the field at radius a
kS = (B._O) L
a a Bp

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

trajectory.



wn

DIPOLE : QUADRUPOLE SEXTUPOLE

748A10

TILUSTRATION OF THE MAGNETIC MIDPLANE {x AXIS) FOR DIPOLE, QUADRUPOLE AND SEXTUPOLE ELEMENTS.
THE MAGNET POLARITIES INDICATE MULTIPCLE ELEMENTS THAT ARE POSTITIVE WITH RESPECT TO EACH OTHER.



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

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

matrices, R1l) use Type Code 6.0, Thus a (6, 0. 1., ;) 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 1ist of elements which update TRANSFORM 1 is:
1) The (6. 0. 1. ;) 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 bheam Type Code 1.0 entry
A TRANSFORM 1 matrix will be prinfed at any position in the data
set where a (13, 4. ;) 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 '"updating'" we mean initiating a new starting point for
the accumulation (multiplication) of the R matrix. 1i.e.
at the point of update, the R matrix is assumed to be
reset to the unity matrix and all previous accumulations
are forgotten,
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AUXTLITARY TRANSFORMATION MATRIX (R2) Type Code 6. 0. 2.

To circumvent the difficulties caused by frequent heam updates and
consequent redefinition of the cumulative transformation matrix, R1,
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. ;) card. This variant of

the Type 6.0 code also serves to redefine the starting 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 (sigma) 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.,) and j.

For example, 10. -1. 2. 0. .01 ; and 10. =21, 2, 0. .01 ;
are identical constraints applied to the Rl and R2 matrices,
respectively,

R2 is updated by a beam (1l.) element, provided R2 has been

introduced, but by no other elements. No provision has been made for

suppressing R2 once it is introduced,



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 possibhility via Type Code 7.0. Seven parameters
are required:

1 - Type Code 7.

(2 to 7)- the coordinates x, 6, y, ¥, L, and § defining the initial
conditions of the new beam centroid with respect to
the reference trajectory. The units for x, 9, v, ¢, £, 6
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 (0) matrix is affected by this code. The
transformation matrices R1 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).

heam 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,

**x By '"Beam Centroid'" we mean the center of the beam ellipsoid.
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MAGNET ALIGNMENT TOLFERANCES 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 be simulated through use of the 'alizn' element.

There are eight parameters to be specified:

1l - Type Code 8. (specifying alignment).

2 - the magnet displacement in the horizontal direction (cm).
3 - a rotation about the horizontal axis (mr).
L - a displacement in the vertical direction (cm).
5 - a rotation about the vertical axis (mr).
6 - a displacement in the beam direction (cm).
7 - a rotation about the beam direction (mr).
8 - a three digit code number (defined below)
specifying the type of misalignment.

The coordinate system emploved 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 ahove) is referred to the
direction of the beam where it enters the magnet. The units employed
are the standard TRANSPORT units shown ahove 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.



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 he 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
shoutld 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),

When 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 misalignment will then
show a definite shift in the position of the beam centroid resulting

from the misalignment of the magnet(s).



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.

entry and

The units position distinguishes between a single type code

a set of entries:

CODE
MUMBER INTERPRETATION
XX0, | 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.
XX1, | With this option the 1 means that all of the type code

elements since the last R1 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 he misaligned relative to each other and

then the doublet as a whole could be misaligned,



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
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. |t 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 instance, if a quadrupole is rotated, the remainder of the
system may he left alone (X0X.) or rotated with the gquadrupole X1X.

C. The hundreds position distinguishes between an uncertainty in
position (0XX.) or a known displacement (1XX.).

Any combination of digits may be used to define the exact
circumstances intended. Thus, code 111, (= 1, + 10, + 100.) indicates
the deliberate displacement of a set of magnhets and the remainder of the
system (referred to the point the beam enters the set). fode 101, would

leave the remainder of the system alone,



Typical code

Code Number

numbers for magnet alignment tolerances might be:

Interpretation

000.

001.

002,

100.

101,

102,

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. Al}
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 R1 with R2 in the
statement

The reference trajectory is unchanged. Only
the preceding maghet 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



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 alignment entry are

misaligned by the specified amount

The tolerances may be 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 No. 1: A misaligned bending magnet

A bending magnet (including fringing=-fields) misaligned by

a known amount might be represented as follows:

3.0 L),

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 result of
this misalignment will be a definite shift in the beam centroid. The 6,
0. 1. ; transform 1 update is necessary because of the use of the 2.0

0.0 ; entries before ani after the bending magnet. The code number
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XX1. is required because the magnetic array (bending magnet +

fringing-fields) consists of three type code elements instead of one.

Example No, 2: A misaligned bending magnet

A bending magnet having an uncertainty of 2 mr in its
angular positioning about the incoming beam (z-axis) would bhe

represented as follows:

8.0 0,0 0.0 0,0 0.0 0,0 2.0 o0O01. ;
3.0 L(2)

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:

1.0 0, 0. 0. 0. 0. 0. PC(O)



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, ;
may be induced by appropriate 8. elements as noted,
6. 0. 2. ;

5. 1, -8. 10, ;

5. 1. -8, 10. ;

§, === ~=- emm === === === 000. ;
g, —m= mm= cee  wmm == == Q01. ;
g, —== =-- cmm mmm == --m 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.



REPETITION Type Code 9.0

Many systems include a set of elements that are repeated several
times. To minimize the chore of input preparation, a 'repeat' facility
has heen added,

There are two parameters:

1 - Type Code 9,

2 - code digit. |If non=zero, it states the numbher of
repetitions desired from the point it appears. |If
zero it marks the end of a repeating unit.

For example, a total bend of 12 degrees composed of four 3-desree
banding magnets each separated by 0.5 meters could be represented hy
9.0 4, ; 4, === 3, .5 ; 9, 0. ; Those elements (in this case a
hend and drift) between the 9, 4, ; and 9, 0. ; would be emploved
four times.

There is no indication of the 9. cards in the printed TRAMSPORT
output, save the repeated listing of the elements they control, Vary
codes may be used within a repeating unit in the usual fashion.

RPepeat cards may be nested four deep. By "nesting'" we mean a repeat

within a repeat. An example is given bhelow,



Example of Nesting:

9. VR

3., 10.

9. 3.

3. 20, ;

9. L., Next

Inner Inner

3. 50, L. Block | Block

9. 0. ) ——

J. 0.

3 1.5 ;

9 0.

The total length of this sequence is:
2%x(10, + 3%(20 + &4x 50) + 1.5) = 1343,

9-2
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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 ¢ 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. [t 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 'l' that it
may be, For instance, 3.0 is the combined type(3) and vary code(0) for
a drift tength which is to remain fixed; 3.1 indicates a drift length
that may be varied (by the virtue of the .1). The type code 4,010
indicatés 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 be punched but the second zero need not be.
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The following parameters may be varied (0 or 1 may be 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.... L,Ovv - the length may not be varied; the field (first v)

and/or the n-value (second v) may be varied.

QUAD.... 5.vv0 - the length may be varied; the field may be,

the aperture may not be.

ALIGN.,... 8.vvvvvv0 - any of the alignment parameters may

be varied.

MATRIX.... 14, vvvvvv0 - any of the matrix elements may be

varied.

SOLENOID.... 19,vv - the length and/or field may be varied.

BEAM ROTATION.... 20.v - 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.
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Couplted 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., Variahles whose
vary digits appear in different positions will not he 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 sltide the quadrupole back and
forth within a prescribed drift length, but will not change the total
drift 1ength. 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.

Thé 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 tled together count as one variable.
Also note that variables within repeat elements (Type Code 9.) count

only once.
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R1 MATRIX FITTING CONSTRAINTS

There are five parameters to be specified when imposing a constraint

upon the (i, j) element of an Rl matrix.

1 - Type Code 10. (specifying that a fitting constraint
follows)

2 - code digit (-1).

3 - code digit (]).

L - 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. .0001 'F1' ;
Transverse plane R(34) = 0 10. =3. 4, 0. .0001 'F2' ;

'‘paraliel' to point focus:

Radial plane R(11l) = 0 10. -1. 1. 0. .0001 'F3' ;
Transverse plane R(33) =0 10. -3. 3. 0. .0001 '‘F4' ;

achromatic beam:

Radial plane R(16) = R(26) = 0 10. -1. 6. 0. .0001 'F5' ;

10, -2, 6. 0. .0001 '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 ¢ (beam)

matrix,



R2 MATRIX FITTING CONSTRAINTS

There are five parameters to be specified when Imposing a constraint

upon the (i, j) element of an R2 matrix.

1 - Type Code 10.

2 - Code digit -(20 + i).
3 - Code digit (]).

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

Transverse plane R(34) = 0

'parallel' to point focus:

Radial plane R(11)

Transverse plane R(33) = 0

achromatic beam:

Radial plane R(16) = R(26) = 0

n
o

10. -21. 2. 0. .0001 'F1'

e

10. -23. 4. 0. .0001 °'F2' ;

10. -21. 1. 0. .0001 'F1' ;
10. -23. 3. 0. .0001 'F2' ;

10. -21. 6. 0. .0001 'F3' ;

10. -22. 6. 0. .0001 'Fu'

Note that the R2 matrix is updated

only,
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O (BEAM) MATRIX FITTING CONSTRAINTS

There are five parameters to be specified when imposing a constraint
upon the (i, j) element of a d (BEAM) matrix.

l - Type Code 10.n

2 - Code digit (1). (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 1imit on the matrix element. If n = 2, entry 4 is taken to
he an upper limit. If i = j, then the value inserted in entry 4 is the

desired beam size ((I(ii))]/2 e,g. X(max) = (cf(ll))]/2 etc.

lote:

Any constraint imposed upon the ¢ (BEAM) matrix has an important
side effect, it always updates the R1 matrix (but not the R2 matrix) at

the location where the constraint is imposed,

Some typical 0 matrix constraints are as follows:

Desired Optical Condition Typical Fitting Constraint

Beam Waist

Radial Waist o(21)

]
o

10. 2, 1., 0. .001 'F1' ;

10. 4. 3. 0, .001 'F2'

]
o

Transverse Waist o(43)

e

Fit Beam size to X(max) lem 10, 1. 1., 1. .001 'F3' ;

Fit Beam slize to Y(max) 2cm 10, 3, 3. 2, .001 'F4!

e

2cm 10.2 1. 1. 2, .01 'F5'

Limit Max beam size to X

e

Limit Min beam size to Y lcm 10.1 3. 3., 1. .01 'F6' ;
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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 = 0.,
j = 0.

Thus the element (10. 0. 0. 150. 5. ;) 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 Constraints*

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 = -11., j = 2. and
specify:
=L o5t = B (hori
8 = Zz cos 0.5 (Rll + 322) = 5 (horiz)
= freq/(no. of periods).
In the vertical plane: i = -13., j = 4,, and
=L aosd = B
A = 5 Cos 0.5 (R33 + th)] = 5= (vert)

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:

i0. =-11, 2., .1890 .0001 ;
10, -13. &4, .134% .0001 ;
3.04

i.e. 23%= 0,190 and 2i1“ = 0.134

* See Courant and Snyder "Theory of the Alternating=-gradient
synchrotron', Annals of Physics 3; ppl-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. 0,180 .0001

10. ~-13., &4, 0,134 .0001 ;
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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 first moment. The first
moments appear In a vertical array to the left of the vertical array
which give the\ﬁkii)'s The units of the corresponding quantities
are the same.

It is perhaps helpful to emphasize that the origin always lies 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 ] is the index of the quantity being fit. Thus 10. 7, 1., .1 .01 ;
constrains the horizontal (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.
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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 limit of the range, and a constraint constructed to keep it

within range. The current limits are:

Type Code Limits

3.0 0.1 < drift < 1000 (m)

5.0 .01 < quad tength < 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 < alignment displacement < 25 (cm)
3.0 -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, tHowever, they are rather ineffective since systems that
require values outside these limits usually have some basic desien
difficulty.

The limits are not adjusted for different input units. So if drift
lengths are expressed in inches, the effective 1limits 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 beam. This element provides a simulation of a traveling wave linear
accelerator energy galn over a field free drift length. (i.e. no
externally applied magnetic field)

There are five parameters:

1

Type Code 11.

2 -~ accelerator length (meters).
3 - energy gain (GeV).

4 - ¢ (phase lag in degrees).

5 = A (wavelength in cms).

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,
an appropriate-model may be constructed by combining separate 11,
elements. An 11, element with a zero energy gain is identical to a
drift length.

Mone of the parameters may bhe varied.

Second order matrix elements have not been incorporated in the

program for the accelerator section.
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ACCELERATOR SECTION MATRIX

E
0 ANEcos®
1 L Aicosd in (1 + Eo ) 0 0 0 0
B
0 O 0 0 0 0

EO + ABcos®

0 0 1 L z}%‘g@ fn (1 + AE—ESS—(E) 0 0
0 0 0 ____fg_____ 0 0
E + AEcos®
o}
0 0 0 0 1 0
. E
0 0 0 0 (ﬁE s*iniEcos@;r(%") W
e ° © ——
Definitions:
L = effective length of accelerator sector
Eo = particle energy at start of sector
AE = energy gain over sector length
¢ = phase lag of the reference particle behind the crest of the accelerating wave. 1i.e., if

P is positive then for some z> 0 the particles having this value are riding the crest of
the wave. The units of ¢ are degrees.

A = wave length of accelerating wave. The units of N are those of z (normally cm).

This matrix element assumes that EO >> m002 (fully relativistic).



BEAM (ROTATED ELLIPSE) Type Code 12,0

To allow the output beam from some point in a system to become the

input bheam of some succeeding system, provision has been made for

re-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:

1 - 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. (heam) element entry.
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QUTPUT PRINT CONTROL INSTRUCTIONS 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:

1 - Type Code 13.

2 - code number,
The effects of the various code numbers will be described below (not in
numerical order).

PRINTED OUTPUT CONTROLS 1., 2., 3., L., 2.4,

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, ;): This code instructs the program to suppress the
printing of the beam (0) matrix.

(13, 1, ;): This code temporarily overrides the (13, 2., ;) suppress
code. It causes a single beam matrix to be printed at that point in the
system,

(13, 3. ;): This code permanently overrides the (13, 2, ;) suppress
code and restores the normal code in which every beam matrix is printed,
(13, 4, ;): This code instructs the program to print the current
transformation matrix R1 (TRANSFORM 1). |If the program is computing a

second order matrix, this second order transformation matrix will be
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.
(BEAM) entry.

(13, 24, ;): This code causes the TRANSFORM 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, ;) code. The calculation of the R2
matrix is started by a 6, 0, 2, ; entry (see Type Code 6.,).

The units of the tabulated matrix elements in either the Ist 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 example, the
R(12) = (x/0) matrix element will have the dimensions of cms/mr; and the
T(236) = (6/y4) 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, all 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., I1f n 31, the second order X matrix elements are punched

and so forth,
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ARBITRARY TRANSFORMATION [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 reading 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,

2 to 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.)

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, -,1 .9 0., 0. 0. 0. 2, ; ) 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 3k 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 be inserted to separate the Type Code
14, cards. Several do-nothing elements are available; for example, a

zero length drift (3. 0. ;) is a convenient one.
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Hote that

! 0 &1 12 1 12
#
a2] 322 0 1 g2] a22
Hence, a matrix formed by successive 1l4. (3. 0., ; ), 14, - elements is

not always equal to the one formed by leaving out the (3. 0. ; )
element,
| f components of a 1l4. card are to be varied it must be the last 1k,
card in its matrix. This will force a matrix to be split into factors
if more than one row has variable components.
If it is desired to read in the second-order matrix coefficients for
the ith row, then the following 22 additional numbers may be read in:*x
9 - continuation Code 0.
10 to 30 ~ the twenty-one coefficients:
T(ill) T(il2) T(il3) T(ilk) T(il5) T(il6)
T(i22) T(i23) T(i2k) T(i25) T(i26) T(i33)
TCi34) TC(i35) T(i36) TCiuk) T(ik5) T(iuk6)
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) back 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.



IMPUT - OUTPUT UNITS Type Code 15.0

TRANSPORT 1s designed with a standard set of units that have been

used throughout this manual. However, to accommodate other units

conveniently and to relieve 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:

1 -
2 -

Type Code 15,

code diglt

the abbreviation of the unit. (see examples helow)
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).

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 below 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 e,?
angles
3. vertical beam extent (only) cm y
L, vertical beam divergence mr @
(only)
5. pulsed beam length cm £
6. momentum spread % (PC) &
7. undefined
8. length (longitudinal) meters (M) t
9. magnetic fields kg B8
10. mass electron mass m
11. momentum GeV/c P(0)

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, ;) 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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Example: To change length to feet, width to inches, and momentum
MeV/c, add to the front of the deck the elements
15. 8. "' FT' 0.3048;
15. 1. ' IN'Y 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

to

the program). |If units other than those listed below are desired, then

your label and the appropriate conversion factor must be included. Li

the automatic feature is used, there must be no blank spaces between the

quotes and the labels,
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INPUT-0UTPUT UNITS (Type Code 15.0)

CONVERSION FACTORS FOR DIMENSION CHANGES VS. CODE DIGIT AND LABEL

LABEL

CODE DIGIT

5.

6.

ICMI

--- 1. | --- 1. —-= | --- 01 | - me- | ---
'™ 100. --- | 100. | --- 100. —em | a-- 1. e I B
"IN' | 2.54 --- | 2.54 | --- 2.54 | --- ~-= | L0254 | ---| --= | ---
'"FT' [30.48 --- | 30.48] --- 30,48 | === | =--- | .3048 | -=-] -~-- | ---
MM .1 --- 1] --- 1| === ] === ] .001 | ---] --- ---
"R --- | 1000. --- |1000. -— | --- --- i R EEET T B
"MR' --- 1. --- 1. R B B R Ena i IR T T B
'pc! --- - | --- | --- --- 1. --- L B B B
'p/10Y --- e R --- a0 --- e e e
"N --- S N B --- 100, | =--- —e= | === ] =] ---
'MEV' | --- - - --- SR EEE TR P —e | eem | --- .001
'GEV' | --- - | - --- T B B - | --=f --- 1.
'KG" --- = | e== | --- --- --- | --- --- 1. --= | ---
G - -——- —_—— | --- _——- - - - --- -—-

.001




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 all
succeeding elements in a data set unless reset to zero or to new values.

There are three parameters:

1 - 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. € (1) - a second-order measure of magnetic field

inhomogeneity in bending magnets., |If

B(x) = B(0) l:l -n(%) + 3(%)2 - .. ]

is the field expansion in the median
(y = 0) plane). Then €(l1) (dimensionless)

is defined as

) =s(z)’

evaluated at x = 1 (in units of horizontal
beam width - normally cm.). This parameter
affects second-order calculations only.
Normally the value is 0.

3. (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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L

12,

13.

W/2 -

g/2 -

1/R1 -

1/R2 -

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).
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,
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 Tength to be reset as desired.
Where Rl is the radius of curvature (in
units of longitudinal length, normally
meters) of the entrance face of bending
magnets., (See Fig. 748A15 page 2-4)

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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The TRANSPORT sign conventions for x, 8, R and h are all positive as shown in the figure. The positive
y direction is out of the paper. Positive 8's Imply transverse focusing. DPositive R's {convex curvatures)

I 3 - 1).
represent negative sextupole components of strength S = (- ) sec 8. (See SLAC-75, page 7 )



R1 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 specified, 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. g/2 element, then
16. 7. k(1). [k(l) = 1/2 if 16. 7. element is not
inserted hut 16, 5. element is inserted,
16, 8. k(2). [kcz) = 0 if 16. 8. element is not

inserted.]

where

and

Fringing-field corrections will only be made where the pole-face
rotation element (2, B. ;) has been inserted in conjunction with a

bending magnet (4, . . . . element.)

* See SLAC-75, page 74 for a discussion of ¥ and a definition
of k(l).
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Typical

fringing field boundaries:

values of ki

a) a linear drop-off of the field.

b) a clamped "Rogowski" fringing-field.

and k2 are given below for three types of

and c¢) a "square-edged" non-saturating magnet.

Model Linear Clamped Rogowski Square Edged Magnet
k1l 1/6 0.3 to 0.4 0.45
k2 3.8 [t 2.8

16-5




Tilt-to~-Focal Plane (l16. 15. a. ;) 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 angle alpha with respect to the x axis (measured clockwise) then
provision 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, a.

3. 0. (a necessary do-nothing element)
13, b,

16, 15. =-a. ; (Rotate back to zero)

3. 0. (a necessary do-nothing element)

Ne

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:

20, 90.

3. 0.
20, -90, ;
13, b,

16, 15. =-a. ; (Rotate back to zero)

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:

1l - 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 abherrations. To print
out the second order T matrix terms at a given location in the system,
the (13, 4, ;) 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 program 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

Sextupole (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 U4 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 - Half-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.). MNone of the parameters of the
sextupole may be 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:

I————{ahel if desired (not to exceed L spaces)

18. L., B, a. ' ',
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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
helical trajectories. The solenoid fringing field effects necessary to
produce the focusing are included.

There are three parameters:

l1 - 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 1lst and 2nd order matrix calculations are

available for the solenoid.
A typical input format is:

{———Label if desired (not to exceed U4 spaces)
1] 1 -
]9. Lo Bo ’
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1ST ORDER

SOLENOID MATRIX ELEMENTS

Solenoid R Matrix

Definitions: L effective length of solenoid
K = B(0)/(2BP) where B(0) is the field inside the
solenoid and (BpP) is the (momentum) of the
Central Trajectory.
C = cos KL
S = sin KL
For a derivation of this transformation see SLAC-4 report by

R. Helm.,

Alternate Forms of Matrix Representation of the Solenoid.

/02 e sc <2 |0 0\
-ksc | ¢ -ks2 | sc o {o
R(Solenoid) =| -s¢ | - 5% ¢2 -llzsc o |o
ks2 | -sc -ksc | ¢2 o o
0 0 0 0 1 | o
0 0 0 0 0 |1
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Rotating the transverse coordinates abhout the z axis by an angle = =KL

decouples the x and y 1st order Terms, i.e.

/ \

¢ |%s o Jo fo o
-ks{c o fo |o [o
R(-KL) . R(Solenoid) = |0 |o |c |+s|o |o
o |o |-ks|c [o ] o0
o Jo fo fo |1 ]o0
o [0 o |o o1
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BEAM ROTATIiON Type Code 20,0

The transverse bheam coordinates x and y may be rotated through an
angle a about the z axis (the axis tangent to the central trajectory at
the point in question).** Thus a rotated bhending magnet, quadrupole, or
sextupole may be inserted into a beam transport system by preceding and
following the element with the appropriate coordinate rotation. (See

- T LY b o T R
Xampies beiow), ine positu

ve sense of rotation is ciockwise about the
positive z axis.
There are two parameters to he specified for a Beam Rotation:

1 - Type Code 20, (signifying a beam coordinate rotation)

2 - the angle of rotation a. (degrees)
The angle of rotation may bhe varied in a 1st order fitting (see Vary
Codes Section 10.)
Note
This transformation assumes that the units of (x and y) and
(9and ¢) 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, v, and z coordinates.
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Examples:

For a bending magnet,

the Beam Rotation matrix may bhe used to

specify a rotated magnet.

A bend up

degrees as follows:

20,

2.0 B(1), !

4,0 L. B, n.

2.0 pB(2). !
20, +30, '
A bend down

20, +90., '

2.

L,

2.

20, =-90. !

A bend to the left (looking

accomplished by rotating the x,

20, 180, '
2.
b
2.
20, -180, '

is represented hy rotating the x,

Example Mo, 1

y coordinates by =-90,0

Labels (not to exceed 4 spaces) if desired

; (returns coordinates to their initial

orientation)

is accomplished via a +90 deeree rotation.

L .
’

' .
’

in the direction of beam travel) is

y coordinates by 180 degrees, e.g.,

e
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Example No. 2

A quadrupole rotated clockwise by 60 degrees about the positive z

axis would be specified as follows:

20, 60, ' '
5. Lo Bt ao ! ! Yd
20. "60. ! ! ’

C S
c S
R = -S C
-S c
1
1
Where C = cos «a )
S = sin @
Q@ = angle of coordinate rotation about the beam axis.

Biank spaces are zeros.
e.g.; for a = +90 degrees, this matrix interchanges rows 1 and 2 with

3 and 4 of the accumulated R matrix as follows:

e ] c—

o o 1 ol [R(11) RC12) R(13) R(14) R(31) R(32) R(33) R(34) ]

0 0 0 1 R(21) R(22) R(23) R(24) R(41) R(42) R(43) R(ub)

il

-1 0 0 0 R(31) R(32) R(33) R(34) -R(11) =-R(12) -R(13) =-R(1k)
0-1 0 O R(41) R(42) R(L3) R(LL) ~R(21) =R(22) -R(23) =-R(24)

(The rest of the matrix is unchanged).
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STRAY MAGNETIC FIELD Type Code 21.0

1l - Element No. 21,
2 - Code No. n., n = bL: horizontal deflection
n = 2: vertical deflection
3 - <BL> mean value of dez
b - + < § BL> +: gaussian random number generator;

effects heam first moment.
-: uncertainty In dez - effects beam
second moment.
Uses the misalignment element (8.) to calculate an angular
deflection equal to g%?
Random number generator
16, 14, (2n + 1.).

The odd number (2n + 1) resets the random number generator to a

specified initial point in the r. n. sequence.
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SENTINEL
Each data set must bhe terminated with the word SENTINEL. The word

SENTINEL need not be on a separate card.
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USE TRIPLET TG FOCUS BEAM FRCM SOURCE

0

THIS PRUBLEM KHAS A UNITS CONVERSION FUR THE BEAM EXTENT FRCM CM TO IN AND
FOR THE LENGTF FRCM METERS TO FEET.
TRIPLET HAVE VARY CUDES SUCH THAT ThHEIR FIELDS WILL VARY TCGETHER,

OF THE CENTER QUADRUPULE IS ALLUWED TQ VARY INDEPENDENTLY.

ONTO TARGET

THE FITYING

CONDITIONS SPECIFY A FOCLS IN BOTH DIMENSIONS CN THE TARGET.

15.0C0cCC

15.0C0¢Q

1.CC000

3.0C000

5,0C000

VARY CODE

3.0000¢C

5.0C00C

VARY CODE

3.0C000

5.000C0

VARY CODE

3.0C000

10.00000
LABEL =

10.C0000
LABEL =

13.00000

-15.00C00
LABEL =

SENTINEL

1.000C0

8.00000

C. 50000

12.0C0000

1.5C00C¢C
02C000

C.50040¢C

3.00C00
010000

C.500¢C0

1.5000C
020000

1.00C00

-1.00000
FIT1

-3.00CC0O
FIT?2

4.CCCO0

0.0
UNT

IN

T

17.46568

-1.00000

L.0000¢C

-1.70000

2.CCCOO0

4.40000C

2.540CC

C.3C480

C.50000 17.49998 0.0 3.00000

4.,CCCO0

4,C0000

4.C0000

0.C0l100

0.,C0100

THE QUTER TWO QUADRUPCLES CF THE QUAD

THE FIELD

1.05000



YUSE TRIPLET TO FOCUS BEAM FROM SQURCE ONTO TARRET!

0

(THIS PROBLEM HAS A UNITS CONVERSION FOR THE BFAM EXTENT FROt4 CM TQ 1N AND)
(FOR THE LENGTH FROM METERS TO FEET. THE OUTER TWO QUANDRUPOLES OF THE QUAD)
(TRIPLET YAVE VARY CODES SUCH THAT THEIR FIFLDS WILL VARY TOGETHER. THE FIELD)
(OF THE CENTER QUADRUPOLE 1S ALLOWED TO VARY IMDEPEMDENTLY., THE FITT11G)
(CONDITIONS SPECIFY A FOCUS N BOTY DIMENSIONS ON THE TARGET.)

15.0 1.0 "11?'

15.0 8.0 'FT'

1.0 9.5 17.5 0.5 17.5 0.0 3.0 1.05 ;

3.0 12,0 ;

5.02 1.5 -1.0 4.0 ;

3.0 0.5 ;

$.01 3.0 1.0 4.0 ;

3.0 0.5 ;

5.02 1.50 -1.0 4.0 ;

3.0 7.0 ;
10.0 -1.0 2,
10.0 -3.0 4,
13.0 4.0 ;
~-15.0 ‘unNT'
SFNTIMEL

.001 'FITL' ;

0 0.0
0 0.0 .001 'FIT2'

E-TA



USE TRIPLET TQ FUCUS BEAM FRCM SOURCE ONTJ TARGET

*BEAM* 1.C00000 1.C5 GEV

*DRIFT* 3.0 12,000 FT

*QUAD* 5.C0 1.50000 FT =-1.LCCO KG 4.000 IN
VARY CCDE = 020000

*DRIFT* 3.C C.5C0C FT

*QUAD* 5.C0 3.00000 FT 1.C000 KG 4.C0C IN

VARY CODE = 010000

*DRIFT* 3.C C.500C FT

(

(

0.0 FT

12.0 FT

~-25.287 FT )

13.5 FT

14.0 FT

13.282 FT )

17.0 FT

17.5 FT

0.500
17.500
0.500
17.500
0.0
3.C00

2565
17.500
2.569
17.500

3.000

2.958
26.373
2.801
8.991
0.0
3.000

3.115
26.373
2.851
8.991
0.0
3.0C0

3.665
4,422
3.511
29.016

3.000

3.687
4,422
3.685
29.016

[oNoNeoRo Ne]
IR

[« NeNeoNo -]

[=NeoNe)
¢ o

[oNel
[=Ne)

[N N
o o
[eNeoNe)

[eReRe)
e o o

[eNeoNel [e e Nel
* s o PR

[o e -]

[eNeNe)
. o 0
Q00

0.997

Qo
..
(o Nel

oD
L)
(o N}

[»Nej
[e Nl

[oNe]
P
[o N o]



0.0 0.0
0.0 3.000
*QUAD* 5.00 1.50000 FT =1.C000 KG 4.000 IN ( -25.287 FT )
VARY CCDE = 020000
19.0 FT 0.0 3.864
0.0 16.179
0.0 4.093
0.0 16.330
0.0 0.0
0.0 3.000
*DRIFT* 3.0 7.0000 FT
26,0 FT 0.0 5.213
0.0 16.179
0.0 5.455
0.0 16.330
0.0 0.0
0.0 3.000
*FIT=* 10.0 ~le 2. 0.0 / C.001
0.297
LABEL = FIT1
T 10.0 =3, 4. 0.0 / 0.001
0.311
LABEL = FIT2
*TRANSFORM* ]
C.94920 0.296606 0.0 0.0 0.0 0.0
=C.41306 0.92442 g.C 0.C 0.0 0.0
0.0 0.0 CeS55425 0.31054 0.0 0.0
0.0 0.0 -0.35259 0.53307 0.0 0.0
0.0 0.0 C.C 0.C 1.00000 0.0
.0 0.0 0.0 0.C 0.0 1.00000
*LENGTH* 26.000C FT
*CCORRECTIONS*
{ 3.03¢8E C2) -18.939 17.940
{ 2.1660E C2) 2.929 -12.179
( 7.1664E 02) 2.C78 1.313
{ 1.5780E 02) C. 399 C.313

[=]
O

[=NeoNe]
.
[oRe]

[oN=Neo]
PR

[ R V0]



{ 6.23C8E 00)
{ 1.6005€-02)

*COVARIANCE
0.014
-0.869 0.004

0.024
0.000

( FIT

0.0

C.011
C. 000



USE TRIPLET TO FOCUS BEAM FRCM SOURCE ONTO TARGET

*BEAMX 1.000000 1.C5 GEV .

0 0.500 IN

0 17.500 MR 0.0
0 0,500 IN 0.0
0 17.500 MR 0.0
0 0.0
0 0.0

0.0 FT

3.000 PC

*DRIFTx 2.C 12.000C FT

12.0 FT .0 2.569 IN
.0 17.500 MR 0.9
«0 2.569 IN 0.0
.0 17.500 MR 0.0
.0 0.0
.0 3.000 PC Cc.0

*QUAC* 5.00 1.50000 FT ~-14.5080 KG 4,000 IN ( -1.533 FT )
VARY COCE = 020000
13,5 FT 0 4.099 IN
0 164.756 MR 1.0
0 1.818 IN 0.0
0 94.749 MR c.0 ~0.999
0 0.0 CM 0.0
0 0.0

3.000 pPC

[oNeNeNel
« e o o
[>NeoNeNel

0.0

*DRIFTx 3.0 C.5000 FT

14.0 FT .0 5.C88 IN
.0 164.756 MR 1.0
.0 1.250 IN 0.0
.0 94.749 MR 0.0 -0.997
.0 0.0 CM 0.0
-0 0.0

3.000 PC

(>N RoNol

[>NeNeoNeo]

0.0

*QUAD* 5.00 3.00000 FT 843675 KG 4.000 IN ( 2.166 FT )
VARY CGCCE = 010000
17.0 FT 0 5.005 IN
] 168.545 M# -1.0
0 l.966 IN 0.0
0 111.721 MR 0.0
0 0.0 (] 0.0
0 3.000 pPC 0.0

[>RoRNoNe)
* o o o
[=NeNeRe)
[eNeNe)
)

*DRIFT* 3.0 C.5000 FT
17.5 FT .0 3.994 IN
.0 168.545 MR -1.000
.0 2.636 IN g.0 0
.0 0

.0
111.721 MR 0.0 0 1.000

oo
[»Ne]
o

[Re)

(o e}

oo

[ Ne)

[eNe]
QO



0.0 0.0 CM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*QUAD* 5.00 1.5000C FT -14.5080 KG 4.000 IN ( -1.533 FT )
VARY CCDE = 020000
19.0 FT 0.0 2.338 IN
0.9 28.627 MR ~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 CM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*DRIFT* 3.0 7.C00C FT
26,0 FT 0.0 0.318 1IN
0.0 284627 MR 0.273
0.0 0.231 IN 0.0 0.9
0.0 40.489 MR 0.0 0.0 0.351
0.0 0.0 CM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
2FIT* 10.0 -l. 2. 0.0 / 0.001
-0.000
LABEL = FIT1
*FIT* ic.cC =3. 4. 0.C / 0.001
0.000
LABEL = FITZ2
*TRANSFCRM% 1
~Ce63548 -~0.CCOCC 0.0 0.0 0.0 0.0
-15.63603 -1.573¢4 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 c.C 0.0 1.00000
*LENGTH* 26,0000 FT

(o2}
DO

joRel
[ Ne]

(o Ne)
o0



'USE TRIPLET T0O PUT WAtST 0ON TARGET'

1

(TH1S PROBLEM DIFFERS FROM THE PRECEDING ONE IMN THAT A WAIST ON THE TARGET)
(1S REQUESTED. I!NOTE THE USFE OF THE 1 AS THE IMDICATOR CARD SIGNIFYING)
(THAT THIS RUN IS A CONTINUATION OF THE PREVIOUS ONE. )

10.0 2.0 1.0 0.0 .001 'FITL' ;

10.0 4.0 3.0 0,0 .001 'FiT2' ;

SENTINEL



IS REQUESTEC.

1

15.0CC00 1.00000
15.0C000 8.00000
1.00000 C.50000
3.0C000 1<.00C0C
5.00000 1.50000
VARY CODE 020000
3.00000 C.50000
5.00000 3.00000
VARY CODE 010000
3.0C000 C.50C00
5.0C000 1.50000
VARY CCDE 02C000
3.CC000 7.C0000
10.00000 2.00CCO

LABEL = FIT1

10.0C000 4.00000
LABEL = FIT2
13.00000 4.,00000

=-15.C0000 C.C
LABEL = UNT

SENTINEL

USE TRIPLET TO PUT WAIST ON TARGET

IN 2.54C00

FT 0.30480

17.49968

-14.508CQ

8.39150

-14.5C80C

1.G0000 0.0

3.C0000 0.0

0.50000

4.C0000

4.C0000

4.00000

THAT THIS RUN IS A CONTINUATICN OF THE PREVIOUS ONE.

17.49998

0.00100

0.00100

0.0

THIS PROBLEM CIFFERS FROM THE PRECEDING ONE IN THAT A WAIST ON THE TARGET

NOTE THE USE OF THE 1 AS THE INDICATOR CARD SIGNIFYING

3.00000

1.05000



USE TRIPLET TU PUT WAIST ON TARGET

*BEAM* 1.C00C00 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 17.500 MR 0.0 0.0 0.0
0.0 0.0 CM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*DRIFT* 3.C 12.000C FT
12.0 FT 0.0 2.569 IN
0.0 17.500 MR 0.981
0.0 2.569 1IN 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 3.000 PC 0.0 0.0 0.0
*QUAD* 5.00 1.50000 FT ~14.5080 KG 4.C00 IN ( =-1.533 FT )
VARY CQOO0E = 020000
13.5 FT 0.0 4,099 IN
0.0 164.756 MR 1.000
0.0 1.818 IN 0.0 0.0
0.0 G4.749 MR 0.0 0.C -0.999
0.0 0.0 CM 0.0 0.0 0.0
0.0 3.00C PC 0.0 0.0 0.0
*¥ORIFT* 3.0 C.5000 FT
14.0 FT 0.0 5.088 IN
0.0 164.756 MR 1.000
0.0 1.250 IN 0.0 0.0
0.0 94.749 MR 0.0 0.0 -0.997
0.0 0.0 cM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0,0 0.0
*QUADx* 5.00 3.00000 FT 8.3575 KG 4.000 IN o 2.166 FT )
VARY CQODE = 010000
17.0 FT 0.0 5.005 IN
0.0 168.545 MR -1.000
0.0 1.966 1IN 0.0 0.0
0.0 111.721 MR 0.0 0.0 0.999
C.0 0.0 CM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*DRIFT* 3.C C.5C0C FT
17.5 FT 0.0 3.994 IN
0.0 168.545 MR ~1.000
0.0 2.636 IN 0.0 0.0
0.0 111.721 MR 0.0 0.0 1.000

(e Ne)
[oRe]

[+ Nel

[oNe]

[eNe]
o0



*QUADX 5 .00 1.50000 FT -14.5080 KG 4,000 IN ( -=1.533 FT )
VARY CCDE = 020000

19,0 FT 0.0 2.338
0.0 28.¢€27
0.0 3.327
0.0 40,489
0.0 0.0
0.0 3.000
*DRIFT* 3.0 7.0000 FT
26.0 FT 0.0 0.318
0.0 28.627
0.0 0.231
0.0 40.489
0.0 0.0
0.0 3.000
*FIT* 10.C 2. 1. 0.0 / C.001
24485
LABEL = FIT1
*FIT* 10.C 4. 3. 0.0 / 0.0C1
3.2176
LABEL = FIT2
*TRANSFORM* 1
-0.63548 =-0.CC00C C.C 0.C 0.0 0.0
-15.63603 —1.573€4 C.C 0.0 0.0 C.0
0.0 0.0 C. 46156 0.00000 0.0 C.0
C.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 C.0 0.0 0.0 1.00000
*LENGTH* 26,0000 FT
*CORRECT IONS*
( 2.9092E C3) 0.063 -0.C26
{ 1.1744€E 02) 0.003 =C.CO01
( 8.0844E-01}) 0.0C0O -C.C00
{ 3.0664E-01) ~0.000 C.000

oo
(=X

> Nel

[N}

o0
Q0



*COVARIANCE ( FIT 0.3 )
0.000
-0.786 0.000

E-10



USE TRIPLET TO PUT W#AIST ON TARGET

-~
*BEAM% 1.CC0000 1.C5 GEv
*DRIFT * 3.0 12.000C FT
-
¥QUAD* 5 .00 1.5000C FT ~14.4423 KG

VARY CCDE = 020000

*ORIFT* 3.0 C.5C0C FT

*QUAD* 5 .00 3.00000 FT 8.37C6 KG
VARY CCCE = 010000

*DRIFT* 3.0 C.5000 FT

4.000 IN

4.000 IN

(

(

0.0 FT

12.0 FT

~1.541 FT7 )

13.5 FT

14.0 FT

2.170 FT )

17.0 FT

17.5 FT

E-11

0.500
17.500
0.500
17.500

3.000

2.569
17.500
2.569
17.500

3.000

4,093
164.000
1.822
94.316
0.0
3.000

5.C77
164.000
1.257
94.316
0.0
3.000

5.001
167.517
1.931
110.245
0.0
3,000

3.996
167.517
2.592
110.245

IN
MR
IN
MR

[=Ne Nele i 4
¢« o * e

[« e NoRoiel

OO0~
.
DO ODO

[oReNe]
« s .

-0.999
0.0
0.0

-0.997
0.0
0.0

[»NeNe]

[o e i)

1.000

o0
)
oQ

20
.



0.0 0.0 CM 0.0 0.0 0.0
0.0 3,000 PC 0.0 0.0 0.0
*QUAD=* 5.00 1.50000 FT -14.4423 KG 4.000 IN ( =-1.541 FT )
VARY CCCE = 020000
19.0 FT 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 MR 0.0 0.0 ~0.998
0.0 0.0 CM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*DRIFT* 3.C 7.0000 FT
26.0 FT 0.0 0.315 IN
0.0 27.784 MR 0.000
0.0 0.224 IN 0.0 0.0
0.0 38.993 MR 0.0 0.0 -0.000
.0 0.0 CM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*FIT* 10.C 2e 1o 0.0 / 0.001
0.C00
LABEL = FITI1L
*FIT* 10.0 4. 3. 0.0 / 0.001
-0.000
LABEL = FIT2
*TRANSFORM% ]
-C.60539 0.0C497 C.C 0.0 0.0 0.0
=15.34218 ~1.525%2 C.C 0.C 0.0 0.0
g.0 0.0 Ce41%949 =-0.00456 0.0 0.0
C.0 0.C 27.71928 2.C8264 0.0 0.0
c.0 0.0 0.C 0.4 1.00000 0.0
0.0 0.0 0.0 0.C 0.0 1.00000
*LENGTHx 26,0000 FT

E—=12

o0
DO

oo
QO



'USE TRIPLET T0 FIT CERTAIN SIZE BEAM ONTO TARGET!
1

(THIS PROBLEM IS THE SAME AS THE TWO PRECEDING ONES EXCEPT A PARTICULAR)

(S!ZFE OF THE BEAM IS ASKED FOR. THE BLANK TYPE 15 CARD WHMICH RESFTS THE UNITS)
(IS TURNED ON,)

10.0 1.0 1.0 0.6 .001 'FIT1® ;
10.0 3.0 3.0 0.6 .001 'FIT2' ;
15.0 'UNT' ;

SENTINEL

E-13A



USE TRIPLET TC FIT CERTAIN SIZE BEAM ONTO TARGET

1

THIS PROBLEM IS THE SAME AS THE Tw( PRECEDING ONES EXCEPT A PARTICULAR

SIZE OF THE BEAM IS ASKED FOR,

IS TURNED CN.

15.0CC00 1.0C000
15.0C000 8.00000
l1.0c000 C.50000
3.00000 12.00CCGC
5.0C000 1.50000
VARY CODE 020000
3.00000 C.500C00
5.00000 3.00000
VARY CODE 010000
3.00000 C.50000
5.00000 1. 50000
VARY CODE 020000
3.0C€000 7.00C00
10.00000 1.00000

LABEL = FIT1

10.00000 3.00000
LABEL = FIT2
13.00000 4.00000

15.00000 C.0
LABEL = UNT

SENTINEL

IN
FT

17.465698

-14.4423C

8.37058

~1l4.4423C

1.00000

3.0000¢C

THE BLANK TYPE 15 CARD WHICH RESETS THE UNITS

2.5400C
0.30480

€.50000

4.C0000

4. C0000

4.C0000

C. 60000

0.60000

17.49998

0.00100

0.C0100

0.0

3.00000

E~13

1.05000



USE TRIPLET TC FIT CERTAIN SIZE BEAM ONTO TARGET

*BEAMX 1.C00CCO L.C5 GEV
*DRIFT* 3.0 12.000C FT
*QUAD* 5.00 1.50000 FT —~14.4423 KG 4.000 IN

VARY CODE = 020000

*DRIFT % 3.0 C.500C FT

*QUAD* 5.C0 3.00000 FT 8.37C6 KG 4.000 IN
VARY CCDE = 010000

*DRIFT % 3.0 C.5000 FT

{

(

0.0 FT

12.0 FT

-1.541 FT )

13.5 FT

14.0 FT

2,170 FT )

17.0 FT

17.5 FT

E-14

C.500
17.500
0.500
17.500
0.0
3.000

2.569
17.500
2.569
17.500

3.000

4.093
164.000
1.822
94.316

3.000

5.077
164.000
1.257
94.316
0.0
3.000

5.001
167.517
1.931
110.245
0.0
3.000

3.996
167.517
24592
110.245

IN
MR
IN
MR

PC

IN
MR
IN
MR
CM
PC

IN
MR
IN
MR

[~NeoRe)
. o e
[»ReNel

-0.999
0.0
0.0

-0.997
0.0
0.0

[=NeNe]
)

1.000

D0

[eNe]

[eNe]
DS

o o

jo e
. .
QO



0.0 0.0 CcM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*QUAD* 5.00 1.50000 FT —-14.4423 KG 4.000 IN ( =-1.541 FT )
VARY CCDE = 020000
19.0 FT 0.0 2.355 IN
0.0 2T.784 MR -0.991
0.0 3.283 IN 0.0 0.0
0.0 38,993 MR 0.0 0.0 -0.998
0.0 0.0 cM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*DRIFT* 3.0 7.C000 FT
26.0 FT 0.0 0.315 IN
0.0 27,784 MR 0,000
0.0 0.224 IN 0.0 0.0
0.0 38.993 MR 0.0 0.7 -0.000
0.0 0.0 CM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*FIT* 10.0 le 1. 0.6C0 / C.001
0.315
LABEL = FIT1
*FIT* 10.0 3. 3. 0.6C0 / 0.001
0.224
LABEL = FIT2
*TRANSFORM® ]
-C.60539 0.C0497 C.C 0.0 0.0 0.0
-15.34218 =1.52592 C.C 0.0 0.0 0.0
C.0 0.C 0.41949 -0.C0456 0.0 0.0
C.0 0.0 27.71S28 2.C08264 0.0 0.0
C.0 0.0 C.C 0.0 1.00000 0.0
.0 0.0 0.0 0.0 0.0 1.00000

LABEL = UNT

*LENGTH® 7.9248 M

#CCRRECT IONS*

[eRe]
Q0

2.3856E (2) 5.266 -l.78¢
1.7593€ 03} 1,335 -C.401
l.4466E 02) C.1l15 -0.C18
l.46€&5E 0O1) 0.012 -C.CCl

E-15



( 2.5497E-C1) 0.000 C.COO0

*CQOVARIANCE ( FIT 0.3 1}
0.001
-0.918 0.001

E-16



USE TRIPLET TC FIT CERTAIN SIZE BEAM ONTO TARGET

*BEAM* 1.€00000 1.C5 GEV
*DRIFT=* 3.0 12.000C FT
*QUAD* 5.C0 1.50000 FT -7.7144 KG 4.000 IN

VARY CODE = 020000

*DRIFT * 3.0 C.5000 FT

*QUAD* 5.00 3.00000 FT 6.1646 KG 4.000 IN
VARY CGDE = 010000

*DRIFT* 3.0 C.500C FT

(

{

0.0 FT

12.0 FT

-3.073 FT )

13.5 FT

14.0 FT

2.671 FT )

17.0 FT

17.5 FY

E—17

0.500
17.50¢0
0.500
17.500

3.000

24569
17.500
2.569
17.500
0.0
3.000

3.507
90.977
24296
464559

3.000

4.053
90.977
2.017
464559

3.000

3.995
93.798
1.574
19.690
0.0
3.000

3.432
93.798
1.687
19.690

IN
MR
IN
MR
CM
PC

OO 00

[ NoNeNel

[oNoNe]
.
QOO

~-0.997
0.0
0.0

~0.996

0.1

0.959
0.0
0.0

0.965

oD
. .
[oRw)



0.0 0.0 CM 0.0 0.0 0.0
0.0 3.000 pC 0.0 0.0 0.0
*QUAD* 5.00 1.50000 FT =-7.7144 KG 4.000 IN ( =3,073 fT )
VARY CCDE = 020000
19.0 FT 0.0 2.422 IN
0.0 22.958 MR -0.988
0.0 1.638 IN 0.0 0.0
0.0 24.827 MR 0.0 0.0 -0.977
0.0 0.0 cM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*DRIFT* 3.0 7.0000 FT
2640 FT 0.0 0.600 1IN
0.0 22.958 MR -0.772
0.0 0.600 IN 0.0 0.0
0.0 24.827 MR 0.0 0.0 0.809
0.0 0.0 cM 0.0 0.0 0.0
0.0 3.000 PC 0.0 0.0 0.0
*FIT* 10.0 l. 1. 0.600 7/ C.001
0.606
LABEL = FIT1
*FIT* 10.C 3. 3. 0.600 / 0.001
0.600
LABEL = FIT2
*TRANSFORMx |
-C.46318 0.031¢€3 0.0 0.0 0.0 0.0
-13.21902 -1.25632 C.C 0.0 0.0 0.0
0.0 0.0 -C.86633 =-0.C2372 0.0 0.0
0.0 0.C -8.82873 =~-1.39605 C.0 G.0
C.0 0.0 0.0 0.0 1.00000 0.0
C.0 0.0 0.0 0.0 0.0 1.00000

LABEL = UNT

*LENGTH=* 7.3248 M

E—18



'BFEAM SWITCHYYARD END STATION A ALL FITTING AT ONCE'

(THIS SYSTEM WAS ONE OF THE DESIGNS FOR THYE SWITCHYARD ELEMENTS WHICH)
(TRANSPORT THE SLAC BFAM TO END STATINN A, THE AUTOMATIC BEAM PRINTOUT 1IS)
(TURNED OFF BY THE 13, 2, FLEMENT., THE MAGNET!C SYSTE!M BEGINS WITH A BENDING)
(MAGNET WHICH DIVERTS THE BFAM BY .5 DEGREES, THIS MARNET IS FOLLOWED BY Atl)
(EIGHUTY METER DRIFT TO ALLOW THE BEAM TO CLEAR SUFFICIEHTLY THE ACCELERATCR)
(CENTER LINE TO ALLOYW THE IMSTALLATION OF A QUADRUPOLFE DOUBLET. THE DOUBLET)
(IS FOLLOWED BY FOUR BENDING MAGNETS WHICH ARE ENTRERED WITH THE USE OF THE TYPE)
("NIME REPEAT CODE. THE (MITIAL OQUAD DOUBLET,Q1, 1S ALLOWED TO VARY SO THAT A)
(FNOCUS 1S ORTAINED AT THE EXIT OF THE SYMMETRY QUADRUPOLE,Q2. BOT' THE)
(POSITION AND THE FIELD OF N2 ARFE ALLOWED TO VARY SO AS T0D GET AN ACHROMATIC)
(CONDITION AT THE EXIT OF THE SECOND FOUR BENDIMNG MAGMETS. A SECOMD DOUBLET,N3)
(IS ALLOWED TO VARY TO PRODUCE A CERTAIM BEAM SI1ZF AT THE ENTRANCE TO THE FIMAL)
(DOUBLFT,N4, THIS DOUBLET IS ALLOWED TO VARY TO GET A WAIST AND A CFRTAIN SPOT)
(S1ZE AT THE TARGET.)

(THIS IS AN EXAMPLE OF A PRNOGRAM WHICH WILL NOT FIT ALL OF THFE COMSTRAINTS)

(AT ONCE. THE SUBSFNUENT EXAMPLES SHOW THE USF OF SFQUENTIAL FITTING AND THE)
(USE OF THE TYPE ONE 1MNDICATOR CARD,)

0

1.0 0.3 0.1 0.3 0.1 0,3 1.0 25,0 ;
13.0 2.0 ;

2,0 0,0 ;

4.0 5,0 1.45500 0.0 ;

2.0 0.5 ;

13,0 1,0 ;

3.0 80.0 ;

13,0 1.0 ;

5.01 2,0 -2,2 5,0 'ni

3.0 2,0 ;

5.01 2.0 2.4 5,0 'Q1' ;

13.0 1.0 ;

9.0 4,0 ;

3.0 1.0 ;

2.0 1.5 ;

4,0 3.0 14.55 0.0 ;

2.0 1.5 ;

9.0 0.0 ;

13,0 1.0 :

3.9 30.0 'OR1' ;

5.01 2,0 5.0 15.0 'h2!'

13.0 1.0 ;

10,0 -1,0 2.0 0.0 0.001 'FIT1' ;
10.0 =-3,0 4.0 0.0 0,001 ‘FIT1?
13,0 4.0 ;

3,4 20.0 'DR1' ;

13.0 1.0 ;

9.0 4.0 ;

2.0 1.5 ;

4,0 3.0 14,55 0.0 ;

2.0 1.5 ;

3.0 1.0 ;

9.0 0.0 ;

13.0 1.0 ;

10,0 -1,0 6.0 0.0 0,001 ‘FIT2' ;
10,0 -2,0 6.0 0.0 0.001 'FIT3!
13,0 4.0 ;

5.01 2.0 -1.9 5,0 'n3' ;

3.0 2.0 ;

5.01 2.0 1.85 5.0 'n3' ;

E—-19A



3.0 200
13.0 1
10.2 1
10.2 3
13.0 &4
13.0 1
5.01 2
3.00 2
13,0 1
5.01 2
13,0 1
3.0 15
13.0 1
10.0 2
10,0 &
10.2 1
10,2 3
13,0 &
SEMTIN

0

;

;

1.0 4.0 0.1 'FITL' ;
3.0 1.5 0.1 'FITL' ;
;
4.5 5.0 ‘b’

;
24,2 5.0 'nut
;
1.0 0.0 0.001 'FITS!
3.0 0.0 0,001 'FITG"
1.0 0,02 0.01 'FIT7"
3.0 0,02 0,01 'FIT7"

O

E—198



BEAM SWITCHYARD END STATICN A ALL FETTING AT ONCE
THIS SYSTEM WAS ONE OF THE DESIGNS FOR THE SWITCHYARD ELEMENTS WHICH
TRANSPORT THE SLAC BEAM TO END STATION A. THE AUTCMATIC BEAM PRINTOUT IS
TURNED OFF BY THE 13. 2. ELEMENT. THE MAGNETIC SYSTEM BEGINS WITH A BENDING
MAGNET WHICH CIVERTS THE BEAM BY .5 DEGREES. THIS MAGNET IS FOLLCWED BY AN
EIGHTY METER ORIFT TO ALLOW THE BEAM TO CLEAR SUFFICIENTLY THE ACCELERATOR
CENTER LINE TC ALLOW THE INSTALLATICN OF A QUADRUPOLE DOUBLET. THE DOUBLET
IS FOLLUWED BY FOUR BENDING MAGNETS WHICH ARE ENTERED wITH THE USE OF THE TYPE
NINE REPEAT CODE. THE INITIAL QUAD DOUBLET,Qls IS ALLOWED TO VARY SO THAT A
FOCUS IS QOBTAINED AT THE EXIT OF THE SYMMETRY QUADRUPULE,G2. BOTH THE
POSITICN AND THE FIELD UF Q2 ARE ALLOWED TO VARY SO AS TO GET AN ACHRCMATIC
CONDITION AT THE EXIT UF THE SECOND FOUR BENDING MAGNETS. A SECOND DOUBLET,Q3
IS ALLGWED TO VARY TO PRUDUCE A CERTAIN BEAM SIZE AT THE ENTRANCE Td THE FINAL
DOUBLET,G4. THIS DOUBLET IS ALLOWED TO VARY TO GET A WAIST AND A CERTAIN SPOT
SIZE AT THE TARGET.
THIS IS AN EXAMPLE OF A PROGRAM wHICH WILL NOT FIT ALL OF THE CCNSTRAINTS
AT UNCE. THE SUBSEQUENT EXAMPLES SFOW THE USE OF SEQUENTIAL FITTING AND THE
USE OF THE TYPE GNE INDICATIR CARD.
0

1.00000  C.3000C 0.10000  G.30000 0.10000 0.30000 1.00000 25.00000

13.00000  z.000CC

2.0C000  C.0

4.0C000  5.00CC0  1.4550C 0.C

2.0€000  €.50000

13.00000  1.00000

3.CC000 80.00000

13.0C00C  1.00000

5.0C000  2.00000 =-2.200C0  5.C0000

VARY CODE 010000

LABEL = C1

3.CC000 2.00000
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5.00000

VARY CODE

LABEL =
13.00000
9.00000
3.0C000
2.0C000
4.00000
2.0C000
9.0C000
13.00000

3.0C0C0

VARY CODE

LABEL =

5.00000

VARY CODE

LABEL =
13.00000

10.00000
LABEL =

10.,00000
LABEL =

13.0C0C0

3.00000

VARY CODE

LABEL =

13.000C0

9.00000

2.00000

4.00000

2.0C000

3.cc0c€0

9.0C000

13.00000

10.0C000
LABEL =

2 Q

0000
0000

.o
0l
Q1
1.00000
4.00000
1.,00000
1.50000
3.00000
1.50000
C.0
1.00000
30.00000
900000
DR1
2.00000
0100090
Q2
1.00C00

-1.00000
FIT1

-3,00000
FIT1

4,00000
20.C0C00
4000090
DR1
1.00000
4.00000
1.5CCC0
3.00000
1.50000
1.00000
C.0
1.00000

-1.00000
FIT2

2.40000

14.550CC

5.00000

2.,0C000

4.000C0

14,5500C

6.0C0000

5.00000

C.0

15.C0000

0.0

0.0

0.cC

0.0

0.C0100

0.C0L00

0.C0100



00cCo0
3

13.00000 4.00000
5.00000 2400000
VARY CODE 010000

LABEL = (3
3.00000 2.0006C0
5.00000 2.00000
VARY CODE Ol00CO

LABEL = @2
3.0C0C0 2C0.000C0O

13.000CQ 1.00000

10.00000 1.00000
VARY CODE 2€003Q0

LABEL = FIT4
10.0C000 3.0CCQ0
VARY CODE 200000

LABEL = FIT4

13.0000C 4.00000

13.000C0 1.C0000
5.00000 2.00000
VARY CODE 010000

LABEL = (4
3.0C0C0 2.00000

13.00000 l.c0cce
5.00000 2.00000
VARY CODE 010000

LABEL = (4

13.0C000 1.00000
3.00000 15.00CC0
13.00000 1.00000

10.00000 2.00000
LABEL = FITS

10.00000 4.00000
LABEL = FITé6

10.CC0O00 1.00000
VARY CODE 200000
LABEL = FIT7

10.00000 3.00000

6.00000

=-1.90000

1.85000

1.0C000

3.00000

4.5C0CC

-4.200GC

1.6CoC0

3.cc0cCC

1.Cc0CO

3.C0000

C.0

5.C0000

5.,C00C0

4.00000

1.50000

5.C0000

5.C0000

C.0

0.02000

C.C2000

0.C0100

0.10000

0.10000

0.00100

0.CO0100

0.C1000

0.Cl1000
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VARY CODE
LABEL =

13.00000

SENT INEL

200000
FIT?

4.00C00



BEAM SWITCHYARD END STATIGN A ALL FITTING AT ONCE

¥BEA M* 1.€C00000 25.0C 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 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 2.0
*ROTAT * 2.0 0.0 D
*BEND* 4.000 5.C0C00 4 1.455 KG 0.C000 (¢ 0.500 0 )
*ROT AT * 2.0 0.50 D
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 0.07L 0.657 0.0 0.0 -2.000
*DRIFT * 3.0 8C.000C M
85.0 M 0.0 1.153 CH
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 CH -0.003 -0.001 0.0 0.0
0.0 1.000 PC 0.624 0.657 0.0 0.0 -C.000
*QUAD* 5.00 2.0000C ™ ~2.2000 KG 5.000 CM { -9.151 M }
VARY CCODE = 010000
LABEL = (1
*DRIFT * 3.0 2.0000 M
#*QUAD* 5.00 2.00000 M 2.4000 KG 5000 CM ( 3.,029 M )
VARY CGCE = 010000
LABEL = Q1
91.0 M 0.0 1.675 CM
0.0 0.511 MR -0.999
0.0 0.564 CM 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 C.0
0.0 1.000 PC 0.626 -0.,616 0.0 0.0 -0.000
*DRIFT* 3.0 1.0000 M
*ROTAT* 2.0 1.50 O
*BEND* 4,000 3.00000 M 14.550 KG 0.0000 ¢ 2.999 D )
*ROTAT® 2.0 1.50 D
*DRIFT* 3.0 1.000C M
*ROTAT* 2.0 1.50 D
*BEND* 4.C00 3.000C0 M 14.550 KG 0,0000 ( 2.999 D )
*ROTAT* 2.0 1.50 D
*DRIFT * 3.0 1.C000 M
*ROTAT* 2.C .50 O
*BEND* 4,000 3.00000 M 14.550 KG 0.0000 ¢ 2,999 D
*ROTAT* 2.0 1.50 D
*DRIFT* 3.0 1.000C M
*RATAT* 2.0 1.50 O
*BEND* 44000 3.000C0C M 144550 KG 0.0000 | 2.999 D 1}
*ROTAT* 2.0 1.50 D
107.0 M 0.0 2.218 CM
0.0 1.824 MR 0.865
0.0 04336 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 c.0 ~0.6190



*DRIFT* 3.C 3C.0000 M
VARY CCDE = 900000
LABEL = DR1

*QUADX 5.00 2.00000 M 5.00C0 KG 15.000 CM  ( 12.848 M )
VARY CCOE = 010000
LABEL = Q2
139.0 ™ 0.0 7.236 CM
0.0 4,163 MR -C.998
0.0 0.329 CM 0.0 0.0
0.0 0.384 MR 0.0 0.0 0.971
0.0 0.457 CM -0«573 0.605 0.0 0.0
0.0 1.C00 pPC 0.997 -1.000 0.0 C.0 -0.610
*ITx* 10.C -l. 2. Q.C / 0.0Cl1
=-5.150
LABEL = FITI1
*FIT* 10.0 -3. 4. 0.0 / 0.0C1
-1.010
LABEL = FIT1
*TRANSFORM* |
-Ce93476 -5,14981 0.C 0.C 0.0 7.21223
0.241751 0.29632 C.C 9.6 0.0 —4.16246
C.0 0.0 -1.04482 -1.01024 0.0 0.0
C.0 0.0 -1.(8680 =-2.01081 0.0 0.0
-Ce21025 =-1.929E8 g.C 0.0 1.00000 -0.27894
0.0 0.0 0.C 0.C 0.0 1.0C000
¥DRIFT* 3.C 20.0C0C M
VARY CODE = 40C000
LABEL = DR}
159.0 M 0.0 1.210 CM
0.0 44163 MR C.915
0.0 1.09C CM 0.0 0.C
0.0 0.384 MR 0.0 0.0 0.997
0.0 0.457 €M 0.735 0,605 0.0 2.0
0.0 1.000 PC -0.920 -1.00C 0.0 0.0 -0.610
*ROTAT* 2.0 1.50 0
*BEND* 4.000 3.000CC ™ 14.550 KG 0.,0000 ( 24999 D)
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*ROTAT* 2.0 1.50 O

*DRIFT* 3.0 1.0000 M
*ROTAT % 2.0 1.50 D
*BEND* 4.000 3.00000 M 14.550 KG 0.0000 { 2.999 D )
*ROTAT* 2.0 1.50 0
*DRIFT* 3.C 1.0000 M
*ROTAT* 2.C 1.50 O
*BEND* 4.000 3.000C0 M 14.550 KG 0.0000 2.999 D )
*ROTAT* 2.0 L.50 ©
*DRIFT* 3.C 1.000C M
*ROT AT * 2.C 1L.5C D
*BEND* 44000 3.CCCCC M 14.550 KG 0.0000 «( 2.999 0 )
*ROTAT* Z24C L.50 D
*DRIFT* 3.C 1.CC0C M
L75.0 M J.0 6.005 CHM
0.0 2.070 MR 0.996
c.0 1.664 CM 0.0 0.0
0.0 0.334 MR 0.0 0.0 0,999
0.0 0.588 CM -0.824 -0.,843 0.0 C.0
0.0 1.000 PC -0.998 -0.,999 C.0 0.0 N.838
¥FIT*% 10.0 -1l. 6. C.0 / C.001
-5.%91

LABEL = FITZ2



*FIT* iC.0 =2+ 6. 0.0 / C.001

-2.068
LABEL = FIT3

*TRANSFORM% 1
-0.04222 -4.C8323 C.C
Ce241796 0.29627 C.C

C.0 0.C ~4.85194
0.0 0.0 -0.54335
~C.15728 -1.02203 0.C
.0 0.0 0.0
*QUAD* 5.00 2.00000 M =1.90C0 KG
VARY CCDE = 010000
LABEL = (3
*DRIFT* 3.0 2.C00C M
*QUAD* 5.00 2.00000 M 1.85CC KG
VARY CODE = 010000
LABEL = (3
*DRIFT* 3.0 2CC.000C M
2EIT* 10.0 1. 1. 4.C00 7 C.100
60365

VARY COCE = 200000
LABEL = FIT4

*FIT* 10.C 3. 3. 1.500 7 C.l00

0.€20
VARY CODE = 200000
LABEL = FIT4

*TRANSFORM*x 1
3442958 18.46803
0. 16690 1.1503¢

[oNw]
.

OO0 00O

cCoooCo

[N =)
e X o)

-5.99086
-2.06827
0.0
0.0

00CoO 0.49253

1.00000

-10.646 M )

11.609 M )

381.0 M

-6.00397
0.16643

E-27

6.365
0.211
0.620
0.049
0.588
1.000

™
MR
M
MR
(o]
pC

-0.543
0.0

-0.854
-0.943



0.0 0.C -0.30513 =-6.13656 0.0 0.0
0.0 0.0 0.16271 =-0.C0492 0.0 0.0
-C.15728 -1,02203 0.¢ 0.0 1.00000  0.49253
0.0 0.0 0.0 0.0 0.0 1.00000
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 0.838
*QUAD* 5.00 2.00000 M 4.5000 K6 5.000 CM (  4.984 M )
VARY CODE = 010000
LABEL = Qé
*DRIFT# 3.0 2,0000 M
385.0 M 0.0 2.447 CM
0.0 12.863 MR -0.,999
0.0 1.044 CM 0.0 0.0
0.0 1.431 MR 0.0 0.0 1.000
0.0 0.588 CM  -0,851 ©.855 0.0 0.0
0.0 1,000 PC -0.935 0.947 0.0 0.0 n.838
*QUADE 5.C0 2.00000 M -4,2000 KG 5.000 CM ( =-4.645 M )
VARY CGCE = 010000
LABEL = Q4
387.0 M 0.0 0.232 CM
0.0 10.281 MR -0.881
0.0 1.108 CM 0.0 0.0
0.0 0.813 MR 0.0 0.0 =0.999
0.0 0.588 CM  =0.721 0.857 0.0 0.0
0.0 1.000 PC  =-0,696 0.953 0.0 0.0 0.838
*DRIFT* 3.C 15.000C M
402.0 M 0.0 15.217 CM
0.0 10.281 MR 1.000
0.0 0.119 CM 0.0 0.0
0.0 0.813 MR 0.0 0.0 0.95¢C
0.0 0.588 CM 0.857 0.857 0.0 0.0
0.0 1.000 PC 0.955 0.953 0.0 0.0 0.838
*FIT* 10.0 2. 1. 0.0 /7 0.001

156,438
LABEL = FIT5
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*FIT* 10.C
LABEL

*FIT* 10.C
VARY CODE =
LABEL

FIT* 10.0
VARY COCE =
LABEL

{

*TRANSFCRMx ]
-2,

-1l.

C.

oo
oo

*LENGTH* 401
*CORRECTICNS*
1. 8565E C5)
4. 71894E C4)
1.3659E C4)
1.9515€ C5)
5.5914E C4)
4.25€68E 05)
2.1816E C5)
2.81178E C5)
9.1541€E 04)

9.1299E 051}

*FAILED*

4. 3.

FITé

l. 1.

200000
= FIT7

3. 3.

200000
FIT?

33281
58290
0

» 9955 M

0.152

0.00s

0.022

-0.CCS

0.0CS

0.003

-0.002

-0.002

0.002

0.CS57

0.0

0.092

0.C20

15.217

0.02¢C

0.119

-0.247
-0.CC8
-C.Cav
C.017
-C.Cl0
~C.000
C.CO0
0.C03
-0.003

-C.C38

/ 0.001

/ 0.010

/ C.010

0.C

0.0

0.17269

1.30944

0.C

C.C
0.0
C.0
0.0
0.0
0.0
0.0
0.0
.0
0.0
0.0

~l.439

0.391

~0.402

0.221

~0.226

0.258

~0.2417

=0.266

0000

Cr~rO0O0Q00

COO0OO0CO0O0

0000

0.050
0.042
0.131
0.0
0.369
0.0

-0.233
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~0.,046

0.194

-0.0C7

-0.029

-0.C16

~0.454

-0.003

-0.115

0.003



BEAM SWITCHYARD EWD STATION A ALL FITTING AT ONCE

*BEAM% 1.£00000 25.CC 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 MR 0.0 0.0 0.0
0.0 0.300 CM 2.0 0.0 0.0 0.0
0.0 1.000 PC 0.0 0.0 0.0 0.0 0.0
*ROTAT* 2.0 0.0 O
*BEND* 4.C00 5.0000C M L.455 KG 0.0000 ! C.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 0.304 CM 0.0 0.0
0.0 0.100 MR 0.0 0.0 O.164
0.0 0.300 CM -0.009 -0.00L 0.0 0.0
0.0 1.000 PC 0.071 0.657 0.0 0.0 -0.000
*DRIFT* 3.C 8C.0C00 M
B5.0 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 0.657 0.0 0.0 -0.000
*QUAD* 5,00 2.,00000 M ~1.9227 KG 5.000 CM ( -10.517 M }
VARY CG0DE = 010000
LABEL = Q1
*DRIFT* 3.0 2.0000 M
*QUAD* 5.00 2.,00000 M 2.0662 KG 5.000 CM ( 10.431 M )
VARY CCDE = 010000
LABEL = Q1
91.0 M 0.0 1.625 CM
0.0 0.356 MR -0.998
0.0 0.615 CM 0.0 0.0
0.0 0.094 MR 0.0 0.0 -0.856
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*DRIFT *

*ROTAT*

*BEND*

*ROTAT*

*DRIFT*

*ROTAT*

*BEND*

*ROTAT *

*DRIFT*

*ROTAT *

*BEND*

*ROTAT*

*DRIFT *

*ROTAT *

*BEND*

*ROTAT *

L.000C M

1.50 D

3.000C0 M

1.50 0

1.000C M

1.50 D

3.00000 M

1.50 D

1.0000 M

1.50 D

3.00000 M

1.50 D

1.0000 M

1.50 O

3.000CC M

1.50 O

14.550 KG

14.550 KG

14.550 KG

14.550 KG

0.0000 (

0.0000 (

0.C000 ¢

0.0000 (

2999 D )

2999 D }

2.999 0 )

2.999 0 )

107.0 M

E~31

0.300 CM

1.000

2.385
1.898
0,477
0.111
0.470
1.000

PC

-0.003 0.003 0.0 0.0
0.627 -0.611 0.0 0.0

0.878

0.0 0.0

0.0 0.0 -0.824
-0.737 -0.542 0.0 0.0

0.939 0.989 0.0 0.0

-0.617



*DRIFT* 3.0 3C.000C M
VARY CCDE = 900000

LABEL = DR1
*QUAD* 5.C0 2.00000 M 3.29C9 KG 154000 CM ( 19.342 M )
VARY CQDE = 010000
LABEL = Q2
133.0 M 0.0 7.830 CM
0.0 2.304 MR =0.993
0.0 0.287 CM 0.0 0.0
0.0 C.168 MR 0.0 0.0 0.783
0.0 0.470 CM =0.612 0.663 0.0 0.0
0.0 1.000 PC 1.000 -0.994 0.0 C.0 -0.617
*FIT* 10.0 ~l. 2. 0.C / 0.001
-0.405
LABEL = FIT1
*FIT* 10.0 ~3. 4. 0.C / 0.001
2.223
LABEL = FIT1
*TRANSFCRM* 1
-0,42470 -0.404658 C.0 0.0C 0.0 7.82867
-C. 16137 =-2.,5C845 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
=-0s22360 =-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 M 0.0 3.301 CM
0.0 24304 MR -0.959
0.0 0.588 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 0.984 -0.994 0.0 0.0 -0.617
*ROTAT* 2.0 1.50 D
*¥BEND* 4.000 3.00CC0 M 14.550 KG 0.0000 ( 2,999 D )



*ROTAT* 2.0 1.50 D

*DRIFT* 3.C 1.0000 M

*ROTAT* 2.C L.5C D

*BEND* 4,000 3.000C0 M 14.550 KG 0.0000 ¢ 2.999 0 }

*ROTAT* 2.0 1.50 D

#*DRIFT* 3.C 1.0000 M

*ROTAT* 2.C 1.50 O

*BEND* 4.,C00 3.000C0 ™ 14.550 KG 0.0000 ( 2.999 D)

*ROTAT* 2.C 1.50 D

*DRIFT* 3.C 1.000C M

*ROTAT* 2.C 1.5C O

*B END¥* 4,000 3.000CC M 14.550 KG 0.0000 | 2.999 D )

*ROTAT* 2.C 1.50 D

*DRIFT* 3.0 1.060C M

175.0 M 0.0 1.686

0.0 0.322
Cc.0 0.827
0.0 0.143
0.0 0.787
0.0 1.000

*FiT* 10.0 -1l. 6. 0.0 / 0.001

1.365

LABEL = FIT2
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*FIT* 10.C ~2. 6. 0.0 / 0,001

=0.156
LABEL = FIT3

*TRANSFORM* 1

-1.00555 =9.434C6 0.C 0.C 0.0 1l.36466
~-C.16138 =-2.5C€52 G.0C 0.0 0.0 -0.19597
C.0 0.0 -2.51335 3.4C842 0.0 0.0
C.0 0.0 ~C.47030 0.23991 0.0 0.0
=0.04173 -0.52722 0.0 0.C 1.00000 -0.72547
0.0 0.0 0.0 0.C 0.0 1.00000
*QUAD* 5.C0 2.00000 M -2.0353 KG 5.000 CM ( =-=9.,897 M )
VARY CCOE = 010000
LABEL = Q3
¥DRIFT* 3.C 2.000C M
*QUAD* 5.C0 2.00000 M 0.5624 KG 5.000 CM  ( 37,404 M )
VARY CCCE = 010000
LABEL = Q3
¥ORIFT * 3.0 20C.0C00 M
381.0 M 0.0 24.547 CM
0.0 1.106 MR 1.000
0.0 9.523 CM 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©0.615 0,0 0.0 -0.922
*FIT* 10.0 1. 1. 4.00C 7/ C.100
244547
VARY CODE = 200000
LABEL = FIT4
*FIT* 1C.¢C 3. 3. 1.5C0 /7 C.100
9.523
VARY CODE = 200000
LABEL = FIT4
#TRANSFCRMx% | °
-17.433910-183.,25438 0.0 0.0C 0.0 15.47083
=-C.79310 -8.39143 0.C 0.C 0.0 0.67966
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C.0 0.0 27.77695 -46.C5175 0.0 0.0
Ca0 C.C 1.47038 =-2.40389 0.0 0.0
-0.04173 -0.52722 C.C 0.0 1.00000 =0.72547
C.C 0.0 C.0 c.0 0.0 1.00000
381.0 M 0.0 24.547 CM
0.0 1.106 MR 1.000
0.0 9.523 C™ 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 c.0
0.0 1.000 PC 0.630 0.615 0.0 C.0 -0.922
*QUAD* 5.00 2.00000 M 440428 KG 5.C00 CM ¢ 5.506 M )
VARY CODE = 010000
LABEL = Q4
*DRIFT* 3.0 2.000C M
385.0 M 0.0 11.409 CM
0.0 43,685 MR -1.000
0.0 15.594 CM 0.0 0.0
0.0 20,287 MR 0.0 0.0 1.000
0.0 0.787 CM -0.527 0.528 0.0 0.0
0.0 1.000 PC 0.630 -0.631 0.0 0.0 -0.922
*QUAD=* 5.C0 2.000CQ M ~4.2154 KG 5,000 CM  ( <-4.627T M )
VARY CGEE = 010000
LABEL = Q4
387.0 M 0.0 44456 CM
0.0 28.165 MR -1.000
0.0 16.335 CM 0.0 0.0
0.0 13,128 MR 0.0 0.0 -1.000
0.0 0.787 CM ~-0.525 0.529 0.0 0.0
0.0 1.000 PC 0.628 -0.631 0.0 0.0 -0.922
*DRIFT #* 3.C 15.C0CC M
402.0 M 0.0 37.791 CM
0.0 28.165 MR 1.000
0.0 3.356 CM 0.0 0.0
0.0 13.128 MR 0.0 0.0 1.000
0.0 0.787 CM 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
10€4.355

LABEL = FITS



*FIT* 10.C 4e 3. C.0 / 0,0G1

44.C64
LABEL = FITo
*FIT* 10.C 1. 1. 0.C2C /7 C.010
37.791
VARY CCCE = 200000
LABEL = FIT7
*FIT* 10.¢C 3. 3. 0.02C /7 C.010
34356

VARY CQDE = 200000
LABEL = FIT7

*TRANSFURM=* 1

-1.68385 3.20353 0.C 0.0 0.0 0.0
-l.22568 1.73799 0.0 0.0 0.0 0.0

.0 0.0 -0.39221 0.75345 Q.0 0.0

0.0 0.0 -1.38436 0.10974 0.0 0.0

0.0 0.0 0.0 0.0 1.00000 0.0

0.0 0.0 0.0 0.0 0.0 1.00000

*LENGTH*® 40146655 M
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'BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATION A ('

0

(THE FIRST STEP TQ FITTING IS TO ALLOW ONLY THE POSITION AND FIELD OF THE)
(SYMMETRY QUAD,Q2, TO VARY [N ORDER TO GET AN ACHROMATIC COMDIT!OM BETWEEN THE)
(FIRST SET OF BENDING MAGNETS AND THE SECOND QUAD DOUBLET,Q3.)

1.0 0.3 0.1 0.3 0.1 0.3 1.0 25.0 ;

13.0 2.0 ;

4,0 5.0 1.45500 0.0 ;

2.0 0.5 ;

13,0 1.0 ;

3.0 80,0 ;

13,0 1.0 ;

5.0 2.0 -2.2 5.0 'Q1!

3.0 2.0 ;

5.0 2.0 2.4 5.0 'ol'

13.0 1.0 ;

3.0 4.0 ;

3.0 1.0 ;

2.0 1.5 ;

4,0 3.0 14,55000 0,0 ;

2.0 1.5 ;

9.0 0.0 ;

13.0 1.0 ;

3,9 30,0 'NR1' ;

5.01 2,0 5.0 15.0 'Q2'

13.0 1.0 ;

-10,0 -1.0 2,0 0.0 0.001 'FITL' ;
-10.0 -3,0 4.0 0.0 0,001 'FITY'
13.0 4,0 ;

3.4 20.0 'DR1' ;

13,0 1.0 ;

9.0 4,0 ;

2.0 1,50 ;

4,0 3.0 14,55000 0,0 ;

2.0 1.5 ;

3.0 1.0 ;

9.0 0,0 ;

13.0 1.0 ;

10.0 -1.0 6.0 0,0 0.001 'FIT2' ;
10.0 -2.0 6,0 0.0 0.001 'FIT3' ;
13.0 4,0 ;

5.0 2.0 -1.9 5.0 'a3!’

3.0 2.0 ;

5.0 2.0 1.85000 5.0 'n3'

3.0 200.0 ;

13,0 1.0 ;

-~10,2 1.0 1.0 4.9 0.1 'FiTL®
-10.2 3.0 3.0 1.5 0.1 'FIT4'
13,0 4.0 ;

13.0 1.0 ;

5.0 2,0 4.5 5.0 'ay'

3.0 2.0 ;

13.0 1.0 ;

5.0 2, =4,2 5.0 '"n4'

13.0 1.0 ;

3.0 15,0 ;

13.0 1.0 ;

-10,0 2,0 1.0 0.0 0.001 'FITS' ;
-10.0 4.0 3,0 0.0 0,001 'FiTG"' ;
-10,2 1.0 1.0 0.02000 0,01000 'FIT7' ;
-10.2 3.0 3.0 0.02000 0,01000 'FIT7' ;
13.0 4.0 ;

SEMTINEL
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BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATICN A 1

o]

THE FIRST STEP TO FITTING IS TO ALLOW CNLY THE POSITION AND FIELD QF THE

i SYMMETRY @
FIRST SET
1.00000
13.00000
4 .00C00
2.0C000
13.00000
3.00000
13.0C000

5.0C000
LABEL

3.0C€000

5.00000

LABEL =

13.066C00
9.00000
3.00000
2.,00000
4.00000
2.00000
9.00000
13.00000
3.00000
VARY CC
LABEL
5.00000
VARY CO
LABEL
13.00000

-10.00000
LABEL

UALC+Q2,
OF BENDING
C. 30000
2.GC0000
5.00C00
C.5CC0C
1.0000¢0
80.C0000
1.00000

2.00000
= (1l

2.00000

2.00000
Cl

1.00000
4.00000
1.00CCO
1.50000
3.00000
1.5000¢0
c.0
1.00000
30.00000
DE 900000
= DR1

2.00000
DE 010000

= Q2
1.00000

-1.00000
= FIT1

TO VARY IN OURDER TO GET AN

ACHRGMATIC CONDITICON BETWEEN THE

MAGNETS AND THE SECOND QUAD DGUBLET,(3.

0.1CC00

1.45500

-2.2000Q

2.400C0

14,55000

5.00000

2.,00000

0.300¢CC C. 10000 0.30000 1.60000 25.00000

0.0

5.00000

5.C0C00

0.0

15.00000

0.0 0.00100



-10.00000 ~-3.00000
LABEL = FIT1

13.00000 4.00000
3.0C000 20.00000
VARY CODE 400000
LABEL = DRl
13.00000 1.00000
9.0C000 4.00000
2.00000 1.50000
4.0CC00 3.00000
2.0C000 1.50000
3.0C000 1.00000
9.CC000 C.0
13.00000 1.000¢C0

10.00000 ~1.00000
LABEL = FIT2

10.00000 =2.00000
LABEL = FIT3

13.0000¢0 4.00000

5.00000 2.00000
LABEL = Q3

3.0C0cC0 2.00000

5.00000 2.,00C00
LABEL = (3

3.00000 20C.00000
13.00000 1.00¢Q0
-10.00000 1.00000
VARY CCDE 200CO00
LABEL = FIT4
-10.00000 3.0C6CCO
VARY CCDE 200000
LABEL = FIT4
13.00000 4.00000
13.0C€000 1.00000

5.00000 2.00000
LABEL = (4

4.0C000

14.55C00

6.00C00

6.00000

~1.90000

1.85000

1.0C00C

3.0000C0

4.5CC0C

C.0

0.0

5.00000

5.C0000¢

4.00000

1.50000C

5.C0000

0.00100

0.C0100

0.C0100

0.10000

0.10000



3.00000 2.C0000
13.00000 1.00000
5.00000 2.00000
LABEL = Q4
13.0C000 1.00000

3.00000 15.0CC00

13.0C000 1.00000

-10.00000 2.C0000
LABEL = FITS

-10.00000 4,000CO
LABEL = FIT6

-10.00000 1.00000
VARY CODE 200CcO
LABEL = FIT?7

-10.00000 3.00000

VARY CODE 200000
LABEL = FIT7

13.0C000 4,00000

SENTINEL

~4.20000

1L.CCo00

3.CCCCO

1.00000

3.CcC0CC

5.00000

0.0

0.02000

0.02000

0.C0100

c.00100

0.C1000

0.Cl1000
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BEAM TRANSPORT SYSTEM FOR SLAC HEAM SWITCHYARD END STATICN A |

*BEAM® L.Co0c00 25.C0 GEV
0.0 M 0.0 0.300 CM
0.0 C.100 MR 0.0
0.0 0.300 CM C.0 C.n
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 pPC 0.0 0.0 0.0 0.0 0.0
*BEND* 4.000 5.000CC 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 0.304 CM 0.0 0.0
0.0 0.100 MR 0.0 0.0 Q.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.CCO0 M
85.0 M 0.0 1.153 CM
0.0 0.133 MR 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 -C.010
*QUAD* 5.00 2.00000 M -2.2000 KG 5,000 CM ( =-9,151 M )
LABEL = Q1
*DRIFT % 3.0 2.00CC M
*QUAD* 5.00 2.00000 M 2.40C0 KG 5.000 CM  ( 9.029 M )
LABEL = (1
91.0 M 0.0 1.675 CM
0.0 0.511 MR -0.999
0.0 0.564 CM 0.0 0.0
0.0 0.151 MR 0.0 0.0 -0.936
C.0 0.300 CM -0.003 0.003 0.0 C.0
0.0 1.000 PC 0.626 -0.616 0.0 0.0 -0.100
*DRIFT % 3.0 1.000C M



*ROTAT* 2.0 1.50 D

*BEND* 4,000 3.00000 4 14.550 K6 0.0000 ( 2.999 D )
*ROTAT* 240 1L.50 D
*DRIFT=* 3.0 1.0C0C M
*ROTAT % 2.0 1.5C D
*BEND* 4.C00 3.C00000 M 14.550 KG 0.0000 ( 2999 D )
*ROTAT* 2.C 1.50 D
*DRIFT* 3.0 1.C000 M
*ROTAT=* 2.0 L.50 D
*BEND* 4.000 3.0C0CC M 14.550 KG 0.0000 ¢ 2.999 D )
*RUTAT * 2.C 1.50 D
*DRIFT * 3.0 1.000C ™
*ROTAT* 2.0 1.50 D
*BEND* 4.00C 3.000C0 M 14.550 KG 0,0000 ( 24999 D )
*ROTAT* 2.0 1.50 D
107.0 M 0.0 2,218 CM
0.0 1.824 MR 0.865
0.0 04336 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 CCDE = 900000
LABEL = DR1
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*QUAD*
VARY CODE
LABEL

*TRANSFORM* ]

-C.93476 -5.14981
Ce24757 0.29632
0.0 0.0
0.0 0.0
-0.21025 =-1.92988
C.0 0.0
*DRIFT* 3.C 2C.0C0C M
VARY CCOE = 400000
LABEL OR1
*ROTAT * 2.0 1.50 D
*BEND* 4,000 3.0CCCC M
*ROTAT* 2.0 1.50 O
*DRIFT * 3.0 1.0000 M
*ROTAT* 2.0 1.5C O
*B END* 4.000 3.C0000 M
*ROT AT * 2.C 1L.50 D
*DRIFT * 3.0 1.000C M

5,00

2.00C00 M
010000

5.C000 KG

0.0

0.0
-1.04482
-1.C8%80

0.0

C.C

14.550 KG

14.5%0 KG

15.000 CM

0.0

C.0
-1.01024
-2.01081

0.C
0.0

0.0000 (

0.0000 ¢

{ 12.848 M )

139.0 M
0.0 7.21223
0.0 ~4.,16246
0.0 0.0
0.0 0.0
1.00000 -0.27894
0.0 1.00000
159.0 M
24999 D )
24999 D )

7.236
4.163
0.329
0.384
0.457
1.000

1.210
44163
1.090
0.384
0.457
1.000

-0.998

0.0 0.0
0.0 0.0
-0.573 0.605

0.997 -1.000

C.915

0.0 0.0
0.0 0.0
0.735 0.605

-0.920 -1.000

-0.610

-0.610



#ROTAT* Z2.C 1.50 O

*BEND* 4.000 3,CC0CC M 14.550 KG 0.C000 ¢ 2,999 0 )
*ROT AT 2.C 1.50 D
*DRIFT* 3.0 L.CCOC M
*ROTAT* 2.C 1.5C¢ D
*BEND* 4.000 3.00C0CC M 14,550 KG 0.0000 ( 2999 0 )
*ROTAT* 2.0 L.50 D
¥ORIFT * 3.0 1.00CC M
175.0 M 0.0 6.005 CM
0.0 2.070 MR 0.996
0.0 1.664 CM 0.0 0.0
0.0 0.334 MR 0.0 0.0 0.999
0.0 0.588 CM -0,824 -0.843 0.0
0.0 1.000 PC -0.998 -0.999 0.0
*FIT* 10.0 ~l. 6. 0.0 / 0.001
-5.661

LABEL = FIT2

*FIT* 10.0 =2. b, 0.0 / C.001

-2.C68
LABEL = FIT3

*TRANSFORM* ]

~0.04222 -4.08323 0.C 0.C 0.0 -5.99086
0.241796 0.29627 0.0 0.0 0.0 -2.06827
0.0 0.0C ~4,851G64 =-8.C6319 0.0 0.0
0.0 0.0 ~0.94335 -1.77381 0.0 0.0
~C.15728 =-1.02203 0.C 0.0 1.00000 0.49253
C.0 0.0 0.0 0.0 0.0 1.00000
*QUAD* 5.00 2.,0000C M -1.,9000 KG 5.000 CM { -10.646 M )

E—43
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*DRIFT*

*QUAD*

*DRIFT*

LABEL = Q3

*TRANSFCRM% |

*QUAD*®

*DRIFT*

*QUAD*

3.C 2.000C M
5.00 2.00000 M
LABEL = Q3
3.0 200.0000 M
3.42958 18.468C3
Ce1669C 1.19030
C.0 0.0
C.0 0.C
-C.15728 =1.,02203
0.0 0.0
5.00 2.0000C M
LABEL = (4
3.0 2.,000C M
5.C0 2.0000C M
LABEL = (4

1.8500 KG

C.C

0.C
~0.30513

0.16271

0.0

0.C

4.,5000 KG

~4.,2CC0 KG

5.000 CM

0.0

0.0
-6. 13656
-0.C0492
0.0

0.C

5.000 CM

5.000 CM

{ 11.609 M )

381.0 M

.0 -6.00397
.0 0.16643
«0 0.0
.0 0.0
.0 0.49253
.0 1.00000

381.0 M

{ 4,984 M )

385.0 M

( =~4.645 M |}

387.0 M

E—44

6.365
0.211!
0.620
0.049
0.588
1.000

64365
0.211
0.620
0.049
0.588
1.000

2447
12.863
1.044
1.431
0.588
1.000

0.232
10.281

(o]
MR
(o]
MR
cM
pC

CM
MR
CM
MR
CcM
PC

MR
cM
MR
(o]
PC

CM
MP

=0.543
0.0
0.0

~0.854

-0.943

-0.543
0.0
0.0

~0.854

~-0.943

~0.881

0.0

0.0 -0.138
0.545 0.0 0.0
0.790 0.0 C.0
0.0

0.0 -0.138
0.545 0.0 C.0
0.790 0.0 0.0
0.0

0.0 1.00¢C
0.855 0.0 0.0
0.947 0.0 0.0

D.838

0.838

0.838



402.0 M

*DRIFT* 3.0 15.00C0 M
#*TRANSFCRM* ]
-7.47783 -39.35443
-5.14875 -27.23064
C.0 0.C
0.0 0.0
-0.,15728 -1.02203
0.0 0.0
¥LENGTH* 401.9995 M
*CCRRECTIONS*
4. 4815E 03) 2.801 -l.453
1.5177E 02) 1.457 C.043
1.5083E 011} 0.037 0.C05
1.2714E-C2) -0.000 0.0C0O

*COVARIANCE ( FIT
0.011
0.480 (.0CO

0.C )

0000

14.52741
9.79230
0.0
0.0
049253
1.00000

E~-435

[eNeoNeNoNoNe]
[eNeNeNoNeNo]

15.217
10.281
0.119
0.813
0.588
1.000

c™
MR

cH
PC

0.0
C.0

-0.721
=-0.696

[eReo o]



BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATICN A [

*BEAM* 1.€00000 25.00 GEV
0.0 M 0.0 0.300 CM
0.0 0.100 MR 0.0
0.0 0.300 CH 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 pPC 0.0 0.0 0.0 0.0 0.0
*BEND* 4.000 5.0000C 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 0.304 CM 0.0 0.0
0.0 0.100 MR 0.0 0.0 0.164
0.2 0.300 (M -0.009 -0.001 0.0 0.0
0.0 1.000 PC 0,071 0.657 0.0 c.0 ~0.000
*DRIFT* 3.C 8C.C000 M
85.0 M 0.0 1.153 CM
0.2 0.133 MR C.965
0.0 0.901 CM 0.0 0.0
0.0 0.100 MR 0.0 0.0 N.943
0.0 0.300 CHM -0.003 -0.001 0.0 0.0
0.0 1.000 PC 0.624 0,657 0.0 0.0 ~7.000
*QUAD* 5.C0 2.0C000 M =2.2000 KG 5,000 CM ( =9,151 M )
LABEL = (1
*DRIFT * 3.C 2.000C M
*QUAC* 5.C0 2.00000 M 2.4000 KG 5,000 CM  ( 9.029 M )
LABEL = (1
91.0 M 0.0 L.675 CM
0.0 0.511 MR -0.999
0.0 0.564 CM 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 0.626 -0.616 0.0 0.0 -0.000
*DRIFT * 3.0 1.000C M



SROTAT* 2.0 1.50 0

*BEND* 4.000 3.00000 M 14.550 KG 0.0000 ¢ 2.999 0 )
*ROTAT* 2.0 1.50 D
*DRIFT* 3.C 1.0000 M
*ROTAT* 2.0 1.50 0
*BEND* 4.C00 3.00000 ™ 14.550 KG 0.0000 ( 2.999 0 )
*ROTAT* 2.0 1.50 D
*DRIFT* 3.0 1L.000C M
*ROTAT* 2.C 1.50 D
*BEND* 4.000 3.000C0 M 14.550 KG 0.0000 ( 24999 D )
*ROTAT* 2.0 1.50 D
*DRIFT* 3.0 1.0CO0C M
*ROTAT* 2.C 1.50 0
*BEND* 4.000 3.0CC0C M 14,550 KG 0.0000 ( 2.999 D )
*RUTAT* 2.0 1.50 O
107.0 M 0.0 2.218 CM
3.0 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
0.9 1.000 PC 0.954 0.875 0.0 0.0 ~0.610
*DRIFT % 3.C 25.7C57 M

VARY CCDE = 900000
LABEL = CR1



*QUADX 5.C0

LABEL = (2

*TRANSFOKM* ]

2.00000
VARY CODE = CLCO00

-C.75331 -3.,74802
~0.07884 -1.,71G68
C.0 g.C
C.0 0.0
-0.21025 -1.52988
C.0 0.C
*ORIFT* 3.0 2442342 M
VARY CCDE = 400000
LABEL = ORI1
*¥ROTAT* 2.0 1.50 0
*BEND* 4.000 3.00000 M
*ROTAT* 2.0 1.50 D
*DRIFT * 3.0 1.0000 M
*ROTAT* 2.0 1.5C D
*BEND* 4.000 3.00000 M
*ROTAT* 2.0 1.50 D
*DRIFT* 3.C 1.0000 M

15.00C CM

0.C
-0.38176
-1.48206

0.C
0.C

0.0000

0.0000 {

( 17.734 M )

13,7 M

«0 6665790
«0 -2.09424
-0 a.0
« 0 0.0
«00000 -0.2789%4%
.0 1.00000

159.0 4

2999 D )

2999 D )

E—48

6.672
2.101
04266
0.279
0.457
1.000

1.782
2.101
0.928
0.279
0.457
1.000

cM
M2
cM
MR
CM
PC

M
M
cM
MR
CM
PC

~0.580 0.644

0.998 -0.997

[~ReNeo)



*ROTAT* 2.0 1.50 D

*BEND* 4,000 3.00000 M  14.550 KG  0.0000 (  2.999 O )
*ROTAT* 2.0 1.50 D
*ORIFT* 3.0 1.0000 M
#RAT AT * 2.0 1.50 D
*BEND* 4.000 3.00000 M  14.550 KG  0.0000 { 2.999 D )
#ROTAT* 2.0 1.50 D
*ORIFT* 3.0 1.0000 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 CM  -0,000 =0.000 0.0 0.0
0.0 1.000 PC 0.000 0.000 0.0 0.0  -0.79%
$FIT% 10.0 —-1. 6.  0.C / C.00L
6.C00
LABEL = FIT2
*ELT* 10.0 -2. 6. 0.0/ C.0O0L
0.000

LABEL = FIT3

*TRANSFORM* ]

-1.07094 -10.67648 C.0 0.0 0.0 0.00001
-C.07885 =~1.71678 C.C 0.C 0.0 0.00000
C.0 0.C -3.$5881 -6.20807 0.0 0.0
0.0 0.0 -0.66630 -1.29747 C.0 0.0
-0.00000 -0.00001 C.C 0.0 1.00000 -0.39405
0.0 0.0 0.0 0.0 0.0 1.00000
*QUAD*® 5.00 2.00000 M ~-1.9000 KG 5.000 CM ( ~10.646 M )
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LABEL = Q3

*DRIFT # 3.0 2.000C M
*QUADx* 5.C0 2.00000 M
LABEL = (¢3
*DRIFT* 3.0 200.0000 M
*TRANSFORMx 1
2.,77343 15.3C11C
0.21337 1.5377C
0.0 0.0
c.0 0.0
-C.00000 -0.00001
¢.0 0.0
*QUAD* 5.00 2.00000 M
LABEL = (4
*DRIFTx 3.C 2.CC00 M
*QUAD* 5.00 2.00000 M
LABEL = Q4

~4.2000 KG

5.000 CM

0.0

0.0
-2.86C91

0.08736

0.C

0.C

5.000 CM

5.000 CM

( 11.609 M )

381.0 M

-0.00001
-0.00000

0.0

0.0
0000 -0.39405
1.00000

o N leRoRoNe]
.
[~NeNoNoRoNol

381.0 M

( 4.984 M )

385.0 M

( =4.645 M )

387.0 M

(s N e}
oo

1.742
0.167
0.824
0.082
0.495
1.000

1.742
0.167
0.824
0.082
0.495
1.000

0.737
3.364
l.424
1.999
0.495
1.000

0.172
2.478

CM
MR
M
MR
CM
PC

CM
MR
CM
MR
cM
pC

CM
MR
c™
MR
M
PC

MR

-0.000 -0.000

-0.000 -n,000

-1.000
0.0 0.0
0.0 0.0

0,000 -0.00C

-0.000 0,000

-C.998



0.0 1.520 CM 0.0 0.0
0.0 1.070 MR 0.0 0.0 ~-1.000
0.0 0.495 CM 0.000 =0.000 0.0 0.0
0.0 1.0C0 PC  -0.000 0,000 0.0 C.0 =0.796
*DRIFT* 3.¢ 15.0C0C M
402.0 M 0.0 3,545 CM
8.0 2.478 MR 1.000
0.0 0.090 CM 0.0 0.0
6.0 1.070 MR 0.0 0.0 0.950
0.0 0.495 CM  =0.000 -0.000 0.0 0.0
9.0 1.0C0 PC 0.000 0.000 0.0 0.0 -0.79
*TRANSFORMX ]
-5.80162 -3C.87849 0.0 0.0 0.0 0.00003
-4.03058 -21.62466  CoC 0.0 0.0 0.00002
€.0 0.¢C -0.23357 0.56217 0.0 0.0
0.0 0.0 -3.33957  3.75673 0.0 0.0
-€.C0000 =-0.000CL  0.C 0.¢ 1.00C00 -0.39405
0.0 0.0 0.C 0.0 0.0 1.00000

ELENGTH* 4CleSG953 M



'BEAM TRANSPORT SYSTEM FOR SLAC BEAM SWITCHYARD END STATION A [I'

1
(THE SECOND STEP TO FITTING IS TO ALLOW THE FIELDS OF THE FIRST QUAD)

(DOUBLET,N1, TO VARY AS WELL AS THE SYMMETRY QUAD IN ORDER TO GET AN IMAGE AT)
(THE EXIT OF THE SYMMETRY QUAD,Q2, AS WELL AS THE PREVIQUSLY MENTIONED)
(ACHROMATIC CONDITION.)

5.01 'n1' ;
10,0 'FIT1' ;
SENTINEL

E—52A
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