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Introduction

The purpose of this Technical Note is to document the extracted beam
transport program called "QTUNE". This program can be used to calculate beam
sizes in the four SEB lines and the FEB line from the ring to the primary tar-
gets using the known power supply and magnet characteristics. Typical TTY and
Versatec outputs for the "U" line and "C" line are shown in Figures 1 and 2.

The program is run with the R~R QTUNE command when in the operations area.

Discussion

The primary purpose of this program is to calculate the horizontal and
vertical beam sizes in the various beam lines using the present settings of the
power supplies and the best known values of beam emittance. Beam splitting is
not considered. All beam is assumed going down each line when calculating beam
sizes. The magnetic data is calculated from the calculated magnet current
using a 4th order power series. Power supply and magnet current limitations
for the beam lines are included. Various groups of quadrupoles in the beam
lines can be tuned to vary waist locations and sizes.

This program uses 5 by 5 matrices to include momentum dispersion effects.
Because this program is similar to a first order "TRANSPORT" rum, one output
option will write on the "MATRIC-DAT" data file matrices and beam sizes in a
similar format to "TRANSPORT". All other output data is written on the "QTUNE-
DAT" data file which should be printed after exiting from the program.

Program Options

The various program options are shown on the HELP file in Figure 3.

The "A" command will print on the "MATRIC-DAT" file the transport matrices
and emittances using the beam line chosen with the constant BFILE and the power
supply data chosen with constraints IAGSFG and IENUT, Figures 4A-B show a part
of this file.
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The "B command prints the calculated currents and fields in the magnets,
The power supply values are chosen with the constants BFILE, TAGSFG and IENUT.
Figures 5A-B show this file for the "C" line.

The "H", "D", "E", "K" and "L" command descriptions are shown on Figure 3.

The "C" command is used to change one or more constants shown in Figure 6
using the NAMELIST feature. These constants only have numerical values. Those
that effect the graphics output are XYRANG, ZRANGE, LFRAME, AND TEKVER. The
input beam at H13 (FEB) or F13 (SEB) is described with PBEAM, ABEF13, ABEH13,
DPP and H13MOM (FEB only). The beam line is chosen with BFILE, and TAGSFG
selects if the power supply command or readback is used to calculate the magnet
current. An off-line program, "ENUTQ", can be chosen to supply the power sup-
ply values and is selected using constant IENUT. This program, similar to
"AGAST", rather than the TTY option, should be used for off-line communication
since these values can be easily transferred to and from the on—-line program
"AGAST", The constant TEGFG is used to change to a different "ENUTQ" file.

The "G" command is used to plot beam sizes as on Figures 1, 2 or 7. An
"E" will exit from this option. During FEB or SEB operation the constants are
initialized so that a "G" command will plot the "U" line or "C" line beam
sizes. The values of certain parameters are printed on the graph, "QTUNE-DAT",
and sent to "AGAST" or "ENUTQ". These are shown in Figure 8 and defined in
Figure 9.

The "P" and "M" commands will print on "QTUNE-DAT" the constants of the
beam line and magnets as shown in Figures 10 and 11.

The "T" command, shown in Figure 12, is used to tune various groups of
quads to meet desired values of waist parameters described in Figure 9. The
beam sizes at the targets cannot be used to tune the quads before the targets,
but can be varied by changing the waist locations and sizes. If tuning is
mathematically successful and the program is on-line, the quad power supplies
will be changed.

The "W" command calculates the values of the FEB or SEB parameters without

plotting the graph.

Theory and Units

The beam is considered a collection of particles traveling down a beam

line with the magnetic elements described with a matrix Ri.
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+ BEAM DIRECTION ~»

INPUT . OUTPUT
R R R .
1 2 3 .
Xb Xl
Or

+ BEAM DIRECTION -

INPUT OUTPUT
R |
Xo Xl
Rl = [%y] = [%,] = [R] @
DET [R] =1

The characteristics of the beam particles at the output can be determined

from the following matrix equation:
- [%] % [x,] &

"QTUNE" uses a 5x5 order matrix for the magnetic elements, [R]. Equation

2 can be expanded to:
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B N — T
Rz By Rz By By % (3)
Ryt Rog Roz Ry, Ry %
= | Ry Ry Rgg Ry Ryg | ox® Y
R Rap Rz Ry Bys %
L_RSl Rsp  Rsg Ry Rsg %

where standard TRANSPORT definitions apply to the particle characteristics:

X ==

§ ————

(o}

horizontal displacement of input ray, in inches, with respect to
assumed central trajectory.

the angle (mr) that this input ray makes in horizontal plane with
respect to central trajectory.

vertical displacement of input ray (inches) with respect to central
trajectory.

the angle (mr) that this input ray makes in vertical plane with
respect to central trajectory.

AP/P = fractional momentum deviation (%) of this input ray and the
assumed central trajectory.

The units for the [R] matrix are:

1 &Y 12 G Y R (Fry) 1w Y Ris )
2 E®) I I C I )
Ry (F5%) 3 GEe)  Fas (H9 3 Gry)  Fas (=)
Ry E®) Rao G P Ry Y s G Y s ()
Rs1 (In%X) Rso (mr%X) Rgq ("ﬁ}’i) Rss, (mr%Y) Rss ("‘://:_)

Figures 4A-B show the individual element matrix and total [R] matrix at

different points in the "C" line. "QIUNE" calculates matrices for drift

spaces, horizontal and vertical focussing quadrupoles, wedge dipole and pitch-

ing magnets

without edge focusing, and rectangular dipole and pitching magnets

with edge focussing.



The beam is considered an array of particles

order symmetrical sigma ellipsoid.

rms beam and then converts this to a 997 beam.

at the beam line input is:
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that is described with a 5th

For historical reasons the program uses a

The symmetric SIGMA matrix at

11 921 33 %41 %51 (4)
%1 22 °32 %42 %52
[éé] 931 32 933 %3 953
%n1 %42 %43 44 %54
%51 %52 %53 54 %55
lel = X,y = maximum (half) width of the beam envelop in the X
(bend) plane at the given point (inches).
VYo = 0 = maximum (half) angular divergence of the beam
22 max
envelope in the X-bend plane.
V033 = Ymax = maximum (half) height of the beam envelope.
Vo, = Ppax = maximum (half) angular divergence of the beam
envelope in the Y (non-bend) plane.
Voss = Gmax = half-width (1/2 AP/P) of the momentum interval

being transmitted by the system.

The coupling elements are the Gij elements for i not equal to j.

"QTUNE" assumes that the input beam for the SEB or FEB lines have no in-

put X-Y coupling or:

%11 %91
991 992
[% ] 0 0
o |
0 0
0 0

33

43

43

b4

55

(5)
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The input FEB beam is also assumed to have input momentum dispersion or
the R15 and R25
At any point in the beam line, the SIGMA matrix [cl] can be found from the

elements are non-zero at HL3,

input matrix [00] and the total [R] matrix to this point:

[o,] = [R] % [0] = [£"] (6)
where [RT] is the transpose of [R].
The graphs of Figures 1 and 2 are obtained by plotting /Eil and /033 along

the beam line for a 99% beam., The program also plots the horizontal momentum
dispersion parameters, R15 and R25, along the beam line.
The input SIGMA matrix, [do] is obtained from the constants ABEF13 or

ABEH13 and DPP. For no XY coupling, the horizontal part of [oo] is:

‘1 ;1 F‘;; oy 7
= . a
%21 22 %5 H
[ l | _
°11 %21
011 euby e DET(GZl 022)
%21 7 T%¢%m ,
°22 T ®m'm " ":H(l ; aH)
H
where o, B, and € are the rms beam Twiss parameters as specified in ABEF13 or
ABEH13, These are initialized to the best know values of the emittance at F13
(from H. Weisberg) or HL3 (W. Weng).
o = dimensionless
B - kiloinch
€ - epislon = rms emittance (inch-mrad)
The 997 beam emittance = 9.2103 arms
The 99% beam width plotted = 3.0348 (beam width for rms beanm)
The vertical [Go] elements, O35> 943> and Oy, 3T obtained in a similar

way.
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If X-Y coupling occurs downstream, the beam ellipsoid is assumed to have
the same 5th order volume or no losses are assumed., THe horizontal and
vertical emittances may change. To determine the location of a waist, the
emittance in that plane is needed at the entrance to the drift space. The

emittance is the projection of the ellipsoid on that plane or

33 043)

(8)
44

[+ o
=per () o e, = DET (

€
H 21 %22 %3

where DET is the determinant.

Equation (6) can be expanded and simplified for an input beam with no X~-Y

coupling (Equation (5)).

[6], = [R] = [o] = [R"] - (6
At Point 1
(077 = By ? = (0190 Ry + 20059) RyyRy, + (9p9)  BY, (7
*(039), Rig+ 200,9) RygRy, + (94,0 Ry,
+ (9g¢) o Rig
(9391 = (T ) = (0190 Ry + 200,10 RypRyy + (05)  BY (8)

2 2
+ (039), R3y + 2(0,5)  Rg Rqq + (0,,) Ry,

2
(9e6 o R36

(013)1 = tilt component = (011) RllR3l + (021)o (RlzRSl ll 32) (92)

+ (0y9) 5 RygRgy + (035) RygRs + (0,9 %
(R 4R33 + RygRq,)
+ (0,05 RygRgy *+ (060) ) RygRag
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Where the (cij)o are the input beam components and the Rij are the total matrix
elements from the input to the Point 1 in the beam line. The input beam Twiss
parameters (o, B, €) can be found experimentally by fitting several beam width

measurements to Equation (6) or (7) knowing the elements of the [R] matrix at

the measurement point.

mn.

Distribution: Dept. Admin.
A.D. Physicists
AGS Div. Engineers
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PC.

- 9. 518 IN-

6.25¢. MR -

@.éﬁl'IN:
@ 3LE TR
@d@@@“PC.

IN
‘MR

~@.29%

@.886 " B.608

. 9.000 0.000. 0.983

0.608  ©.008. -6.008 @;@@@H

—@ 908 . St
0.909 . 9,960 -

- @.808 . 0.080 - B 992
©.:860 "

IN -
—B.098

'@;@@@ 9.808 :
. 9,096 - 8.000--0.326 .
- 9.000 - ©.0069 @ 9e@. 8. @@@

'

=-@ @85

P 8.9908. 8.000

C 0808 6008 —@ 313
Q809 9.000 - 0.908-

@.494- 1IN

@, 972. MR
Q. 477 IN

'0.806 R "
:9.868 PC:

=963

¢ 0.000 0.000 - -
@.000 9000 ©®.,238 .

. 3.009.-0.000  0.048. 0.900 -

©.000

9,000 0.00G 8600 -

"‘.f‘o‘Ti‘g -

AT@ §ev

‘QN a:deaqaéE-

18T

aYaYe)
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———FLEMENT—~HECGNET
# WAME . LABEL' KIRD
1 " DRIFT
2 ¢Opl CD1 =~ RDPOL
3 DRIFT
4 Cay o Cael QUAD
B DRIFT
6 Ca2 €2 . QUAD
7 - DRIFT
8 Ce3 . a8 : QUAD
© DRIFT
16 C4 Co4 QUAD
11 DRIFT
i2 AB1 DRIFT
138 BRIFT
i4 BBE3 DRIFT
i5 DRIFT
16 AP1 DRIFT
17 DRIFT
18 Pl DRIFT
i¢ DRIFT
26 ADZ2 | DRIFT
21 DPRIFT
22 ADS . DRIFT
23 DRIFT
24 €D2 ' CDZ2 - RDPOL
25 DPRIFT
26 CD3 Cb3 . RDPOL
27 DRIFT
28 CO5 . €25 i° QUAD
29 DRIFT
20 €06 . CQ6. - -QUAD
31 DRIFT
232 €Y CQ7 . QUAD
a8 DRIFT
234 CR3 . CRE  QUAD
- 35 DRIFT
36 ¢P2. DRIFT
a7 "DRIFT
38 B4 - DRIFT
39 . DRIFT
40 CD4 - CD4 . RDPOL
41 -DRIFT
42 C22 . CQ9% - QUAD
43 "DRIFT
44 Q18 CR18.. QUAD
45 DRIFT
46 C1l. CR11l.. QUAD
47 DPRIFT
48 CQ12. CR12:.: QUAD
49 DPRIFT -
5@ CTGT  DRIFT
CWOTE e
A)
B)

15-Jul-82 11420771

“g" LINE MAGNETS FRON F13 TO.C/TARGET "~

——POWER SUPPLY DATA——— .
CIHD/RDBK 4 DDF20

DDF1

CD1
o1
co2
cas -

ca4

- CD28&3
D283
Cas583
CQ687
CR687e
CA585

CD4
ceo -
Q16
calt .
ceiz:,

-2243 .

~1898 -

1673
~-383.
ilire

3269~
3269 -
—11@5'J
1966 -
1668
-1185. -

CD3T:

ClHD/RDBK

© © © © ©

© © © ® & ©

e © @ @ @

Figure

[

. —-MAGRET "DATA FOR 29008 GEV/C——

CURRENT{KA): ~ KG-IN»OR KG/IN .GAIN(GEL) S .  .; 

0.0 Lo

1..40138..- -445.,5247 - —9.67027 : - —
. 8.9 . S . i
1..42858 .0 ) -5.5802 . -5.535010
1..07366¢ 4.9843 4.98428 . I
. : . Q.9 L
6.30806 " -=1.8908F. - -1.89932 .. - Co- "
. : G. 9 [y
@.815257 ¢ 2.4 2.874067
®.e -
@.0
6.6
o.8
2.9
®.0. .
.9 -
.9
.9 - :
8.9 - -
0.9 .
6.9 r
: e : : 0.8 =
1.22588.5 - © 510.81¢8 . @ .76TTE . . ‘ R .
: S 8,0 b L
1..22588* . . 5193198 . - QUTBTES ! : K
S : ?.9 . : A
0. 27625 .4 C o =4 0898 —d, HBYES- . v L e
: 9.4 - i O
O . 250084 - 3.7738 - 8.77383 )
: 8.9 ' o
@ .25006.1 - .. 3.77938 .. 3.77383 ' . : i
. L ) o.¢ : a !
8. 276250 .. —& 0828 .. - —4.88979 ol
. @‘(@. E t
@.% -
®.@; . . - .
8.8 JEC I
. i ) ®.6.- g B
1,00537.. -  —514.878% ¢ ~-0.77386 - =
: B.0 : M
@, 09896 1 . 89126 D. 91256 =
: - 9.9 o
®.906YE 1 : 1.2642 .~ 1.26418 R
' 8.6 = v
1.81325 -5.8712 —-5.07116 -
. ®.8 s
1.79258.1 - - i 3.9939 8.60388 . el
’ @c@ ' g 1
8.0 '

5A

CIMD/RDBK —— READINGS - ABE’FR@H”AGAST-GMDS%ﬁTHE"WA“'BDBK&ISWNEGATIVEE?--IE.LZI%@A*ﬁ”~—214®a:%

DDF2 (SECONDARY P.S. READBACKS) ARE SiS8 RDBEKS WITH THE POLARITY OF HORMAL .READBACK.

e




- Q)

)

K61
CEL

- KG/IN FOR QUADS; KG-IN FOR DIPOLES.
= @ FOR DRIPFT; -KG/IN FOR H.F. QUAD;
(+ = DOWN FOR PITCH)

HLG/IN FOR-V .’ QUAD ;- BEND.-ANGLE. . ¢ DECHEES)‘ FOR :DIPOLES (+i=' EAST) ..

Figure 5B

*ON 230N "Uool "AT( SOV
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A . 15-Jul-82 131561

‘BFILE (BEAN FILE (NUMBER: 1=4,2=B,3=C,4=D,3=U)

. 3
PBEAM (BEAM HMOMENTUM, GEV/C) C 20 .66
ABEF12: (ALPHA, BETA (KILOINCH), EPSILON (INCH-MRAD, BMS).AT Fi3 . ’
- HORIZONTAL: . -5.3386.. - 1.9952 9.0140+
. VERTICAL: : ®.3708- @.1279 - 0.0150"
- ARFHI® (ALPHA, (BETA (KILOINCH), EPSILON: (INCH-MRAD, RMS) AT HI3 .
HORIZOWTAL: -5.6700 - 2.2629 0 .0064.
VERTICAL: : ®.2870 9.1487 0 .8064 .
. DPP ({DELTA P/P)} OR MOMEN.FRACT.IN % FOR 99% BEAM) - 9 .0600
HI3MOM ( INPUT HORZ. MOMEN. DISPERSION AT H18; INCH/%,MR-/%) :
. -1.165% -2.9580
“PERVER (=1 FORTEKTRONIX PLOTS,=2(MCDEL 1206) OR -2(MODEL
v : 1169) VERSATEK & NO TUNIWG) 1
LFRAME (=0 OR NEG. TO SUPPRESS FRAMES & LABELS ON GRAPHS;
~1,6 OR 1 FOR ALL GRAPHS; -2 OR 2 FOR NOuMOMEN.
. DISPERSION PLOTS) 1
" IAGSFG (AGS FLAG;=1 FOR MAGNET VALUES FROM TTY,=2 FOR |
' ACAST RDBKS,=3 FOR AGAST COMMARDS) 3
- PSTIME - (POWER SUPPLY READ TIME IN MS AFTER TO) 11681
L ZRANGE (PLOTTING RANGE IN BEAM LINE FEET (MIN,MAX) ) :
®.006 (STARTING POINT OR ¢ FEET FTROM F13)
10060 .00 (END POINT CR END OF BEAM LINE)
IENUT (9="AGAST" OR TTY; -1 = OFFLINE "ENUT@') 6.
TIGPFG (@=USE CURRENT "ENUTQ" "@TUNE.TEG" FILE;-1 TO
_ CHANGE FILE ITAME) 0
. EYRANG (MAX,. BEAM HALF SIZE FOR PLOTTING, INCH) '1.0660:

 Figure 6

|-
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TATA SOV
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YN

.,uerw,Lmuwmw.ym@m AGS Div. Tech. Note No.

/NG Sdstd thol e/

. .3183S 3IWYS, = S3INIT 01708
| = | I

500.

300

(FEET FROM F13)

200.

Z

181

Figure 7



@EHS PARATIETERSH:

. ALPHA,

€D1
@588(-1
CIMZHZ

-199 .77 463.98 1296.928 277 .93 -

BT%RZ

BLTA, EPS]IDN

15-Jul—-82 13:591

(H,V) AT F13:3

(-2243) CQ1 (-1898) C@2 ( 1§

-—6.3388

T3) Ca3

1.9952 @ §.0140w @

{ —-893) Ca4 (

8708 +0..1279% 00150 - .
687) 1€D263(_3269) GD283 (13269

165) CD4 (-2681) Cas ( 1) CR19 ( 2658) CQ11:(—-8862) €12 .(: 2896 CO3T ( ' @)~
CMZHERE CHAVE . CHMAVE

BTZAHK BYAVE BT#VE

-1.89 : 62.69

ORMS PARAMETERS?

ALPHA, BETA, EPSILON (H,V) AT Fi3:

ch1  «(
@588(-1
CHZHZ
~-199,
BTZHZ
-1

3.006 32.66

15-Jul

CAZHI
-1858.70
ATZHZ

854.99 .-

CAZOO CA%VI

CARVO: CTZHZ 1 CT#EX +

2977.5% ~1583.86  -162.67 -88.49 .  62.45.

ATAHK AT#VE

-82 14:931

- —6.3388

-2248) &t . (-1598) C@2 ( 16v3) Ca3

195) €4 (-2681) Ca% ( 1
CIM7BHER. CHAVZ - CHAVE

k4 483.98 1226.%8 277 .08
BT#HK BTRVZ BT#VK

.86 . 62:09

3.60 32.09

1.9952 - 90,0146
( -323) 84 (

ATAVE BHMDIV TGACH -

224.99 ~1592.66 - 127.80 - 86.52  93.64 -

0.8708  0.1279% 0.0150 -
687)1CD283 (. 8269) CD283(13262)

Y CRI® ( 2658) CR11:(-3F02) CO1Z2 ¢ 239¢) CDIT ( : &)

CAZHI

-1888.70

ATZHZ

354.09:

CAZHD CARVI
- ATEHX ATRVZ

CAZVO: CT%HEZ.! . CTZRHX .

2977.859 -1523.36 - -162.67 -33.48. 62,43

AT#HVE . BEDIV TGACH

224.0% -1592.00 127.86 - - 86.52. 93 ., 04

Figure 8 .

CQ588(—1105) G@68ﬂ( 1@@@) CQﬁ&?(’l@@@M G

CTZAVZ . CTAVX .
—56.59@ 95485 . -

- TGARCV

125.9% ¢,

aCQSSSIﬁT1@5)’C@@8Zf€1@@@)mﬂ@6&7(”1@@@m€0

CTRVE . CTAVE
~-56.5%  98i35 .

TGRCV e
128.76:

*Uo9l AT SHV

*ON @10N

18T

N1 0



‘

NAHE(??V”?)AREA(

EQUIT
ATZHX
ATZHZ
AT#VE
ATAVZ
BTWHK
BTZHZ
BT#AVE
BT#AVZ
CA%HI

- CA%ZHO
CA%VI

- CA%VO
CHMZHH
CH%HZ
CHAVE
CHAVZ
CT#HK
CT#HZ
CT#VX
CTAVZ

. TGZAH

TGRAV
TGZBH
TGHRBY
TGACH
TGACY
TGHUH
TCAUV
UB%ID
UBZNP
UTZHK
UTZHZ
UT#VE

AVZ

AREA

SEB.t:- -
SEB::" ¢
SEB.: -
SEB.
SEB. -
SEB: -

SEBR

SEB ..

SEB

SEB & + ¢

SEB:
SEBD ..
SEB -
SEB-
SEB
SEB -
SEB

.

SEB- -

SEB -

SEB - -

SEB
SEB !

SEB ...
SEB

SEB
TREB.
FEB ..
FEB
FEB'
FEB
FEB.
FEB.
FEB

- YCOMP(:

REFERENCE)
REFERENCE)
REFERENCE)
REFERENGE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)

. REFERENCE)

REFERENCE)
REFERENGE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)

‘(. REFERERCE)

N e N e e e e R e e R e R e R e R e R R R Rt T T e W an T B e e e N N B e

- REFERENCE)
REFERENCE)

REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)
REFERENCE)

IDEVTPC
DEVICE TYPE’

'

YADDRC -

o (HALF WIDTH(MILS) OF HORIZ. .
{Z POS. OF

- (Z POS. OF 'B’
(1009 TIMES. -BEAM HORIZ. EMITTANCE ALPHAuAT €05 UPSTREAM (@ TUNE.USES)/
- (18600 TIMES BEAM HORIZ. EMITTANCE ALPHAAAT CQ8 DOWNSTREAM (@ TUNE USEY.

+ (HALF WIDTH(MILS) OF HORIZ.BEAM'AT WAIST NEAR °*C’
- (Z POS. OF

- (Z POS. OF *C°

‘\

) WHOG! IWHRC )14=Jul=82i1 @ .. ... -
DEFINITION! o 3

e

BEAMSAT WAIST I NEAR™A” TCTY
*A’ TGT HORZ.' WAIST,INCH}; 0=¥A’iTGT;—50=50
(HALF WIDTH(MILS) OF:VERT. BEAM AT WAIST NEAR’A® TGT.:

(Z POS. OF' *A’* TGT.VERT: WAIST; INCH; 0='4A°
(HALF WIDTH(MILS) OF: HORIZ. BEAM AT WAIST NEAR *BY TGT. (@TURE'PGH.)
(Z POS. OF 'B* TGT HORZ.WAISTVINCH; 0= ’B’ TGT;-58=50 -IN.UPSTM *B’)

(HALF WIDTHLMILS) OF VERT. BEAM AT WAIST NEAR 'B''TGT.

(QTUNE. PGM.)
TET VERT:WAIST{INCH; 0= ’B’ TGT3-50=50-IN. UPSTRM *B*T)

AIN.UPSTM ./ »A*)
QTUNE:PGM;%

TGT{—5@=5®@INQUPSTRME’A"TY

(QTUNE ‘PEM.DY .-

(1000 TIMES. BEAM VERTICAL EMITTANCE ALPHA: AT -CQ5 UPSTREAM (@ TUNE USEY -

(1690 TIMES' BEAM VERTICAL EMITTANCE ALPHA" AT

(HAEF-WIDTH(MILS) OF ‘HORIZ BEAM AT WAIST MID °C’ LINE(@ TUNE PGM)

- (4 POS., MIDDLE € LINE(INCH FROM Fi138)C0F HORZ. WAIST(Q TURE PGM USES)

(HALF-WIDTH(MILS) OF VERT. BEAW AT WAIST MID
(Z POS. HIDDLE C LINE

C LINE (& TUNEHPGHM.)
(INCH FROM F13)VERT. WAIST (@ TUNE PGHM USES)

*C* TGT. HORZ.WAIST, INCH; &= Q' TGT;-5G=5@
(HALF WIDTH(MILS) OF VERT. BEAM AT:WAIST NEAR 'C’
TGT.VERT:' WAIST,INCH; ©=+'C’ TGT;-50=58 IN. UPSTRM *C’)
(CALCULATED HORIZONTAL HALF WIDTH-BEAM SIZE IN MILS AT "A" TARGET)
(CALCULATED VERTICAL HALF WIDTH BEAM SI1ZE. IN MILS-AT "A" TARGET)
(CALCULATED HORIZONTAL .HALF WIDTH!BEAM SIZE IN MILS AT "B" TARGET)
(CALCULATED VERTICAL HALF WIDTH BEAM SIZE IN MILS AT "B" TARGET)
(CALCULATED HORIZONTAL HALF WIDTH :BEAM SIZE IN MILS AT "C" TARGET)
(CALCULATED VERTICAL HALF WIDTH BEANM SIZE IN MILSYAT "G" TARGET)
(CALCULATED HORZ. HALF WIDTH BEAM -SIZE IN MILS AT!U TGT. - QTUNE PGHM)~
(CALCULATED  VERT. HALF WIDTH BEAM SIZE IN MILS AT/U TGT. - QTURE:PGM)-:
(1966 X CALC. MOMENTUM: DISPERSIONGINCH/RATIO)

IN. UPSTRH *C)

(HALF WIDTH(HMILS) OF HORZ. BEAM AT WAIST NEAR TGT{ - QTUNE PGM. USES){
(Z POS., OF U TGT. HORZ. WAIST, INCH; ©=U TGT.; -§0=56«IN. UPSTRM U TGY
(HALF WIDTH(MILS) OF VERT. BEAM AT WAIST NEAR TET| - QTUNE PGH. USES)«
(Z POS. OF U TGT. VERT. WAISTY INCH; ©=U TET.; —~58=58-IN. UPSTRM U TGY

Figure 9

CQ8 DNSTREAM (@ TUNE  USEX

TTGT . (QTUNE - PGIT USESY.
TTGT . (QTURE PGIM USESY

AT END OF 8 DEG. MAGNET)
(1699 X CALC. HOMENTUM DISPERSION PRIME(MR/RATIO):AT END OF 8 DEG. MA).

- 6T —

TATQ SOV

“ o9

*ON 930N
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——~—ELEMENT——+ ———HAGNET————

# NAME LABELA:KIND
1 " DRIFT
2 CDI ©D1 -~ RDFOL.
3 “DRIFT
4 @l - C@l - . QUAD
5 ~DRIFT
6 002 . CQ2 : :QUAD
7 'DRIFT
8 CQ3 . CQ3 ~ QUAD
9 DRIFT

16 C@4 CR4  QUAD
11 DRIFT
12 4Bl DRIFT
13 DRIFT
14 BBE3 - DRIFT
15 DRIFT
16 APl DRIFT
17 DRIFT
18 CP1 * DRIFT
19 DRIFT
20 AD2  DRIFT
21 DRIFT
22 AD3 . DRIFT
23 DRIFT
24 CD2 ~ €D2 . RDPOL
25 DRIFT
26 CD3. CD3 . RDPOL
27 DRIFT
28 CO5- C@5: - QUAD
29 _ " DRIFT
36 C06 . CO6 QUAD
31 DRIFT
22 CQ7 CQ7  QUAD
33 DRIFT
34 COS + COB .. QUAD
35 DRIFT
36 €P2 | DRIFT
37 DRIFT
38 BD4 . DRIFT
39 DRIFT
40 CD4 - CD4 : RDPOL
41 DRIFT
42 CQ9 Q9 - QUAD.
43 - DRIFT
44 COI® 1 COIGw QUAD
45 DRIFT
46 CQ11 . CQ11.: QUAD
47 . DRIFT
48 CQ12 . CQ12:: QUAD
49 DRIFT
QTET -~ DRIFT

GROUP

13C39
N3e36
N3Q48

N3Q48 -

nN3QS6

5C26T
5C20T
4216
4016

4816

416

piz1
4016
BR32
N3036
N3Q36

15=IJnl-82.:14:851

#

CSCmO=ORAURLORCRAUWORAURWONANCOOLOPOSCRIPIO~ONONE=ONS

"C" LINE MAGNETS FROM F18 TO: CUTARGET:

Z(0/8)
INCH -

5.089
143 .825
178.195
186.250
223.756
279.259
3192.750
349 .250
3892.756
416.280
453 .750
486 .85
593.128
756.875
863.125
231.8Y5

1854 .375
1962.878
1192.375

1262.329 .

1355.399
1380.596
1476.599
1910.625
2002 .128

" 20306.629

21238.129
2152.779
2169.979
2294.779
2811.97¢9
2318.7792

2335.979
'2468.979

2477 .979
2707 .129

-2822.629

3978.526
3171.8626
3427 . 146
3550.646

- 4011 659
2928.889

4630759

- 4666 .759

5480 .329
5517.829
5602.371
5639.871

-5880..026

LENGTEH -

INCHE

143.828

34.859
G.075
37.59%8
45 .59
49,500
25 .500

49.300 -

26.500
37.. 5606

33.128 .

196.230
163.750
196.258
63.750
122. 560
15.560
122.300
70.02%

26.000 -

22.1921
26.900
434,833
21.500
34.561
21. 500
24,650
17.200

124.80@:
17.206

6.509
17.200
124,800
17.269
220,150
122,500
248.897
92, 500
256.120
123,500
461.018
17.200
&1 ., 2900
26,000
813.576
37.500
84.542
37.5080
240.155
@, 000

XAPER
INCH

8,906

1.44G+
0.006
1.44G:
?.009
1.869 -
9.0006 -

1.380 .

C6.000 -
1.448 -
9.008
0. 400

@.,400 -
9.506 -

@.000-
®.000 "

@.0060

G.009

@.000
®,6306

3. 000 -

3,008
6.000 -
B.000 -
®.606 .
9.00% -

9 .000
1.690
@,009

i.09G-

0.008
1.528

9.006 .

1,596

9.000 -
9.%00 :
®.900 -

1.608

' YAPER!

- ®.606 .
0.000

0.000 .

1.690

9,008 .

B . 000

6,000 -

1.440
0.000

1.440 :

0.000

1

POVER SUPPLY' INFORMATION =

 ——PRIMARY——==-HAXS: -

~SECONDARY—*

INCH? DDF AMPS/DCH:EKAMPS - DDF - AMPS/DCN

9,006y .
1.44G4CD1
D .009
1.4494CQ1ur.
F.0B@¥
1.368%CR2 1
@ . 000
1.889:CQ3 4

@.000:

1.446CQ4m.
3. 089 .
& . 5004
B . 598
B .69

@, 009
@.080 .

9.088
3. 008

B .008%

B.616

@ . 000

3.080"
G.800
B.708:.CD283
®.960 '

© . 709 CD28E3 .

@.009:

1.696:CA588"

@ . 008
i.099CRGEBT
@.060:
1.696 COBEY
B . G89:
1.628:CR588
@ . 000w

1.6904CQ% 1, -
B. 000 '
@, 000 CRLY
0,000

1.4464€C01 1

Q. 000

1.4404C012!

: 9.0000

-9.000

0.000: -

Figure 10

9.6250'
0.7500
1.0000.;
1.63600
©.7500

. 9.3756.

©.3750

9.2560 1

G . 2800

9 .250@: 4

@ 25993

0.87501
9. 0625
@ .37507
0.3750'%
0.7500:

-2.100 .

‘2.409
2.490
" 2,400
v2;4®®

1,400
11,496
;@v@@ﬁ
- @.460

-CD3T . . 9.1258

! @ .:4‘@6 .

C Q.496

" 1.200 .

'0,200-

1,950

1.425.

2,100

- 07 -

"ATA SOV .

RICENS
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- ==~ELEHENT—— ———HAGNET —————~
# NWAME LABEL: KIND GROUP #

(=R R N D

34

41

46

CD1
Cal
ez
Cas.
CQd -

D2
CD3
Cas-
CasG-
cae
Ces - .

CD4 ' -
cao

CRET

ceil -
cal12

DRIFT

CP1  RDPOL
'DRIFT

S €@l . QUAD
DRIFT

. Q2. - - QUAD
DRIFT

- CQ3 . QUAD
-DRIFT

o4 .. QUAD
"DRIFT

AB1  DRIFT
CDRIFT

BB3 : DRIFT
DRIFT

APl DRIFT
DRIFT

CP1 DRIFT
DRIFT

AD2. DRIFT

: DRIFT
AD3  DRIFT
DRIFT

CD2. . RDPOL
DRIFT

. D3 . RDPOL
DRIFT

CQ5 . QUAD
DRIFT

. 006 . QUAD
DRIFT

Q7. ¢ .QUAD
DRIFT

COB .-.: QUAD
DRIFT

CP2 DRIFT

" DRIFT

BD4  DRIFT
DRIFT

¢B4 - RDPOL
DRIFT

. €Q9 - QUAD
DRIFT

ﬂ@t@“ CUAD.
) DRITT

€at1: QUAD
DRIFT

cQi2: QUAD
DRIFT

CTGT  DRIFT

15038
3@36

- N8Q48
‘N3R4E

N3@36

5C26T
5CeeT

-4@16
- 4@16

4216

4216

D121
4016
8032
N3036

N3Q@36:

@@P‘@"“@%A@w®'@®®®®®@@@@QQ@C@@@G@@S@@®®®@®®®®®®®H®N®N®F—‘®‘@®

'gr LINE MACTETS FROM Fi13 TO ‘G TARGET

EFF.LEN
INCIT: .

143.825
34.359

5.975
37.5069
45,508
49 .509
20.5%0
49,560
26.500

37.500 -

33.1258
146 .258
163.750
106.250

68 .75%
122.509

15.509

122.50206.

15-Jul-82 :14:86!

T0.024 -

20.000
22.121
26 .06%

- 434,938
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