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I. Introduction 

High momentum resolution is a primary criterion by which 

the meson laboratory beam M6 is designed. It is a three-stage 

beam with a momentum defining slit at the end of the first 

stage. The dispersion is maximum at this point to give good 

resolution. The beam may be made essentially monochromatic 

by stopping down a slit located here. Recombination is done 

in the second and third stages with moderately high dispersion 

at the end of the second stage. For a larger momentum band 

pass, momentum determination may be done by placing counters at 

this point. Further description of the beam line and its potential 

uses may be found elsewhere. 112 

The minimum momentum interval carried by the beam will be 

0.03% of the central momentum. This figure also then represents 

the maximum momentum resolution obtainable. However the beam 

line can transmit a total momentum interval of 2% of the central 

momentum. To maximize the analyzing power of any experiment 

utilizing the beam, it is desirable to have this resolution 

capability for the entire momentum interval carried by the beam. 

One therefore must eliminate aberrations which cause variation 

of the spot size at the momentum focus with either momentum or 

initial angle. 

0 Operated by Universities Research Association Inc. Under Contract with the United States Atomic Energy Commission 
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In Section II below we describe the principal aberrations 

inherent in the design of the beam. Sections III and IV present 

schemes for eliminating some of these aberrations to second order. 

Finally in Section V we examine each of the solutions including 

the effect of higher order terms. 

II. The Beam and Principal Aberrations 

A. Basic Beam Geometry 

Each of the three stages of the beam contains two quadrupole 

doublets. The first focuses from point to parallel, while 

the second refocuses the beam to a point. For both doublets 

the horizontally defocusing quad is placed nearer the focus. 

This both maximizes the resolution and helps match the beam 

profile with the bending magnet apertures. Between the doublets, 

in the parallel region, are placed the bending magnets whose 

purpose is either to disperse or recombine the beam in momentum. 

At high energies with zero gradient bending magnets, we may, 

for purposes of this discussion, safely ignore the focusing 

properties of the bending magnets. At each focus is placed a 

field lens quadrupole which further aids in obtaining complete 

momentum recombination. 

For a doublet focusing point to parallel, as shown in Figure 

1, two principal planes are relevant. 3 The figure is drawn 

with the horizontally defocusing quadrupole nearer the focus, 

as is the case in beam line M6. If i is the distance from 

the focus to the first quadrupoles, s is the distance between 

the centers of the quadrupoles, and f 1 and f 2 are their 

respective focal lengths, then in a thin lens approximation 
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(1) 

The distances from the focus to the horizontal and vertical 

principal planes respectively are: 

hx = JI, + s + f 2 (2) 

hy = JI, + s - f 2 

The magnitude of the sine-like ray in each plane in the parallel 

section is equal to the distance from the focus to the corres-

ponding principal plane. 

B. Principal Aberrations 

At high energies the important aberrations occurring in a 

beam line arise from three sources: 4 chromatic aberrations from 

the quadrupoles, the effect of particles traversing a bending 

magnet at an angle to the central ray, and the influence of 

sextupoles. Since in this beam the bending magnets are placed 

in the parallel sections we may safely ignore the second item. 

We will now concentrate our attention on the chromatic aberrations 

of the quadrupoles. 

The principal impediment to achieving high resolution over 

the entire momentum band carried by the beam is the variation 

with momentum of the focusing strength of the quads. For a 

point-to-point image this variation is measured by the second-

order matrix elements T126 and T346· 
4 For this case Brown 

has shown that the matrix element T126 is given by: 

Tl26 = .M. x 
0 

r 2 
s' dz 

x 
( 3) 
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where M is the horizontal magnification and s' the slope x x 
of the horizontal sine-like ray. The integral is taken over 

the entire distance between foci. The term T346 may be evaluated 

similarly. 

We now depict in Figure 2 a section of the beam, with 

principal planes shown for each doublet. For a thin lens 

approximation it may be shown that 

T 12 6 = 2 (h 2 + h 3 ) 

T346 = 2 (hl + h4) 

(4) 

An exact numerical calculation shows that for NAL beams this 

result should be accurate to within a few percent. For 

the optical mode used in beam line M6 the chromatic aberration 

will clearly be significantly greater in the horizontal than 

in the vertical plane. 

For a two-stage beam the chromatic aberration of each stage 

will be affected by the magnification of the other, but the 

result for each stage is unchanged. 

III. Two Sextupole Solution 

We now address ourselves to the problem of eliminating 

chromatic aberration at the end of the second section. 5 First 

we consider a solution which reduces the term T126 to zero 

but ignores the effect on T34G· As shown in the previous 

section chromatic aberration is larger in the horizontal plane. 

It is also in the horizontal plane that chromatic aberration 

affects the momentum resolution. 
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In Figure 3 we designate the positions of four sextupoles 

placed in the second stage of the beam, labeling them with the 

letters a, b, c, and d. The sextupoles straddle the doublets 

in pairs, sextupoles a and d being as close to the quadrupoles 

as possible. The dispersion ray dx is also shown, with its 

crossover in the vicinity of sextupole c. In this section 

we consider the use of only sextupoles b and c. A solution 

using all four sextupoles will be discussed in Section IV. 

A sextupole placed in a beam line to correct for chromatic 

aberrations will introduce geometric aberrations. The principal 

ones affecting beam spot size in this beam are T122 and T144 • 

Therefore we must include at least two sextupoles so their 

contributions to geometric terms will cancel while eliminating 

chromatic terms. 

The changes in the relevant matrix elements due to a single 

4 sextupole are: 

= M s 3s x x (5) 

2 = -M s s S xx y 

where M is the horizontal magnification, s and sy are the x x 

sine-like rays in each plane and d is the dispersion ray. The 
x 

quantity s is a measure of the strength of the sextupole and is 

equal to 2 
qB.R,/a Po' where B is the pole tip field, a the half 

aperture, and Ji, the length of the sextupole, and q and p 0 

represent the charge and central momentum of the particles. 

Since the sextupoles are both placed in the parallel 

section the two sine-like rays s and s have the same magnitude x y 
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for each of them. Hence by setting their strengths to be equal 

and opposite we may cancel the contributions to T
122 

and T
144

. 

Letting S = Sb = -Sc we can eliminate the T126 term by setting: 

2 2Mxsxb S(dxb - dxc) = -Tl26 (6 ) 

Actual determination of the sextupole strengths was done using 

the program TRANSPORT. 617 Using sextupoles which are 2.5 feet 

long and have a half aperture of 5 cm, a pole tip field of 

2.774 kilogauss is required. 

IV. Four Sextupole Solution 

To eliminate chromatic aberration to second order in both 

planes, four sextupoles are required. In addition to the 

chromatic term T346 , the geometric term T324 now becomes 

important. The coupling of a sextupole to these additional 

terms is given by: 

2 = -2M s s S y x y 

where now s is the vertical sine-like ray and M is the 
y y 

(7) 

vertical magnification. We see that the difference in coupling 

to the terms T144 and T324 lies only in the magnification term, 

which is a property of the entire beam line and is therefore 

the same for all sextupoles. Therefore if the sextupoles are 

set so that T144 is equal to zero, then T324 will also equal 

zero. We now have four terms to eliminate with four sextupoles. 

It remains to determine if the four couplings are sufficiently 

independent to guarantee that the solution will result in 

reasonable pole tip fields. 
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We may now write the equation to be solved in the form: 

MS + T = 0 ( 8) 

where S is a vector giving the four sextupole strengths, T a 

vector made up of the uncorrected second order terms T
122

, 

T
144

, T
126

, T346 respectively, and Mis a matrix of the coupling 

terms. The uncorrected T matrix terms are those which occur when 

no sextupoles are included. The element M11 of this matrix, for 

example will have the form M s 3 , where s is the magnitude of x xa xa 

the horizontal sine-like ray at point a. By defining a new 

vector T as a renormalized T whose elements are given as: 

T = ( 9) 

we may introduce a simpler Matrix M and rewrite equation (8) 

as: 

MS + T = 0 ( 8a) 

where now exhibit M explicitly as: 

/ 
3 3 

sxa sxb 
3 3 

s sxd xc 

2 2 2 2 
s s sxbsyb 

M = xa ya s s sxdsyd xc ye (10) 
2d 2 s sxbdxb xa xa s 2d 

2 
xc xc sxddxd 

\ 2 2 
\ syadxa sybdxb s 2d 

2 
ye xc syddxd 

and label the submatrices as follows: 

M= {lOa) 

where the matrix u, given by: 

u = 
0 1 \ 

l 0 ! 
(11) 
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functions simply to interchange the columns of the matrix that 

multiplies it. With this definition, if the second stage of 

the beam were symmetric, so that the two doublets were mirror 

images of each other, we would have M
11 

= M
12

• 

Now if the matrix M is non-singular a solution will exist. 

Roughly, we may say that if the determinant of Mis large, 

the resulting sextupole strengths will be small. Consider 

first the situation which would occur if the momentum recom-

bination were done entirely in the second stage. Then we 

would have dxc = dxd = 0 and therefore M22 = O. This would 

give us det(M) = -det(M12 ) · det(M21 ), so by examining the 

structure of the submatrices we can gain understanding of 

the entire problem. 

From the locations of the principal planes we see that: 

sxa < sxb 

sya > syb 

sxd < sxc 
(12) 

Examination of the coupling terms shows that sextupoles b and 

c will couple most strongly to T122 and T126 while sextupoles 

a and d couple more strongly to T144 and T346 • In essence 

what we are doing is first to correct T126 and T346 with sextu­

poles b and a respectively. Then we correct the resultant T122 

and T
144 

terms with sextupoles c and d respectively. Examining 

the determinants of the submatrices and referring to equations 

(12) we find: 
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2 2 
-det(M12 ) = sxcsxd(sxc s - s yd 

2 2 
det (M21) = d d (s xa xb xa syb - s 

2 2 

ye sxd) 

2 2 

ya sxb) 

> 

> 
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0 (13) 

0 

If we now define the two component vectors if 1 and T2 

as giving the upper and lower (geometric and chromatic) parts of 

if and sl and s2 as: 

Is \ 

(~: 
' I 
I al 

(14) sl = 
\Sb} 

s2 = 

As explained in Section II, the components of Tl will be zero 

so we arrive at the solution: 

(15) 

Now, of course, momentum recombination is not all accomplished 

in the second stage and the conditions dxc = 0 and dxd = 0 cannot 

simultaneously be true. However if we adjust the field lens to 

place the momentum crossover in the region of sextupole c, then 

the situation should not differ too greatly from the previous 

case and solution should still be possible. We must now 

solve the simultaneous equations: 

M11s1 + M12s2 = 0 

M2lsl + M22s2 = -T2 

We define a new two-component vector X as: 

(16) 

(17) 

The arguments used above to show M12 to be non-singular 

apply also to M11 and from the first of equations (16) we get: 
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-1 
Sl = Mll X 

Substituting into the second of equations (16) gives: 

(18) 

(19) 

Each of the submatrices M11 , M12 , M21 , and M22 is factorizable 

and, for example, we have: 

2 

sj(sxa O \ s xa 
Mll = 2) I 2 ! 1. 

s syb \0 sxbJ ya 
I J 

I 2 2'\/ \ /s s b /d 0 '. , xa x ; xa 1 

M21 = f 2 2 11 I 
\ya syb J \ dxb/ 

The first matrix on the right side is the same in each 

equation so that in equation (19) we have: 

0 

d xc 
s xc 

Since s b = s , the lower right term is (d - d )/s x xc xb xc xb' 

(20) 

indicating that here, just as for the two sextupole case, only 

the difference in the magnitude of the dispersion ray at the 

two points is important. Also by setting the momentum crossover 

point at sextupole c, we see that dxd will be negative. Thus 



-11- TM-374 
2254.000 

we are insured that both terms are non-zero, and a solution is 

indeed possible. Numerical values were once again obtained 

with the program TRANSPORT. For sextupoles with dimensions as 

before, we get pole tip fields as shown: 

Sextu ole 

s a 

Sb 

s 
c 

sd 

V. Higher Order Effects 

Pole Tip Field 

-3.053 kg 

7.203 kg 

-6.829 kg 

2.750 kg 

Both the two- and the four-sextupole solutions work perfectly 

to second order. The obvious question, of course, is the influence 

of higher order effects. Such effects were examined with the use 

of the program TURTLE, 8 and the resulting histograms are shown 

in Figures 4-17. Both horizontal and vertical planes are shown 

at both second and third foci. The solutions described minimize 

the second order terms at the second focus. The effect on the beam 

spot at the third focus is of interest since that is the 

position at the final target. All runs were made using the 

recombined mode of the beam as adapted to the needs of experiment 

no. 96. 

In Figure 4 are shown respectively the vertical and 

horizontal beam profiles at the second focus, using the central 

design momentum and no sextupoles. The horizontal and vertical 

spots respectively at the third focus for the same beam configura-

tion are shown in Figure 5. These profiles represent essentially 
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the first order beam spot. The aim of introducing correcting 

elements is to make the off-momentum profiles appear essentially 

the same. 

In Figures 6 and 7 are shown the same set of profiles for 

a momentum one-half percent above the design central momentum. 

Figures 8 and 9 are the same for a momentum 1% above the design 

central momentum. All cases are with no sextupoles. As we get 

away from the central momentum all profiles begin to broaden 

due to chromatic aberration. As explained in Section II, the 

broadening in the vertical plane is substantially less than in 

the horizontal plane. 

In Figures 10-15 we see repeated the same set of profiles, 

but with the two sextupole solution. We are correcting for 

chromatic aberration on the horizontal plane at the second 

focus. As can be seen, the horizontal profile at the second 

focus is now essentially the same for all momenta. A tail, 

due to higher order effects, appears, even in the on-momentum 

profile, but is negligible. In the horizontal plane at the 

third focus the chromatic aberration is greatly reduced. Some 

deterioration of the beam profile in the vertical plane at 

both foci is observed. However, if we examine the coupling 

terms of the sextupoles to the vertical aberrations, we discover 

that, with the beam geometry used, they are much smaller than 

those for the horizontal aberrations. Therefore the loss in 

the vertical plane is not nearly as great as the gain in the 

horizontal. 
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The profiles for the four sextupole solution are shown 

in Figures 16 and 17 for only the central momentum. The 

higher order terms due to coupling of sextupoles produce a 

substantial deterioration of the horizontal beam spot, at 

both second and third foci. This deterioration is, for a 

large fraction of the momentum band, at least as great as 

the effect being corrected. It cannot therefore be used as 

a practical solution. The conclusion is that, for this beam, 

one must be satisfied correcting in only the horizontal 

plane and accepting a small deterioration in the vertical. 
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sextupoles a, b, c, and d are shown. The di_spersion 
ray dx is drawn in. 
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xxxxxxxxxxxxxxYxxxxxxxxxxx 

1041,119 Fl .FROM TME TARG[t 

focus in the vertical Beam profiles at the second 
horizontal planes respectively. 
inclhded and the momentum is the 

an.d 
No sextupoles are 
central design value. 



TH[ FOlLOolNG IS ' 
J ';T[Fl'VAl. 

LESS f 1-f A~l •J,2~Z 

•0.~l'i TO -2.190 
-r .i 90 T~ ->,HZ -r., ~7. TO -~.17~ 
-c. pa TO -~.1•0 
-l' .i~~ Tn ... :,.t .15~ 
-r .15i To _,.. .11~ 

"'". ~ 4il' To -~ .133 -r., J~ TO -r..120 
-r .i 23 To -~.110 
-v,1H To -a.1•0 
-~.tJ3 TO -~.0>0 
-r.r9~ TO .. ~.e'A0 
•0,ZA~ Ti -l,07~ 

-v.1•10 TO -~.0~~ 
•r.r6ei T.1 -3,0'0 
·V.?50 To -~.0·~ 
-~.e•0 To -;•. ~ 3!ZI 
·r.>H Tn -~.0?0 
-0.n0 M -~.010 
-rr. P t.1! TO -r-1. 0;-0 
P'r .:-zi To ?,01~ 

r d'U TO J,0?0 
r.,·u TO ? • 3-::~ 
1'.t3~ Tn /,04~ 

r.r40 TO r.. 00~ 
r.z50 T1 i". 0~7 

r.v~~ M ~. 279' 
r. :-1;: T~ r. c;,i..~ 
'·"80 TO .~. 0'1 .. , 
i\. ~·9.d ri , •• 1 '0 
0.1~l' Tn ~.110 
0 .110 Tn 0.1?0 
P.1n Tn ~.1n 
I' .13~ Tn .,. • t ·10 
e.:H TO r.t'">~ 
e .1sa T1 e,1,3 
r.160 TO ~ .110 
r. 1 ,,,,., Tr ~, 1''3 
e. :~2 TO e.1,~ 

0.190 TO "·2'0 
GREA TE~ Th.\;\! 0.2.-10 

MISTOGflA• or 

•' 
e 
0 
0 
~ 
~ 
~ 
~ 

~ 

e 
123 
n' 
32":" 
323 
348 
3A1 
431': 
36Q 
384 
43A 
395 
3b~ 

31~ 
29? 
204 
121 

~ 
0 

FOR 

SCALE FACTO~I 

xxxxxxxxxxxxxxxxxxxx~xxxxxxx 

-17-
~~) 

TM-374 
2254.000 

xxx~xxxxxxxxxxyyxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxYxxxxXx)xxxxx•xxxxx~xxxxxxxxxvxxxyxxxxxxxxyxxxx 

xxxxxxxxxxxxxx~xxxxxxx~~xxxxx~xxxxxxxxxxxxxx~xAxxxxxxxxxxxxxAxxxixxxxxxxxx 

xxxxxYixxxxxxxwxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxcx~xxxxxxxxxxxxxxxxxxxxxxxxxxx~xx 
xxxxxxxxxxxxxxxxxyxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

XX X )(XX .o; Y XX XX Xv X )I. AX 0 i. <"'XX XX XX''< XX XX XX XX XX)( XX XX-< X '< X XX XX 'O< XX XX X XXX X X'X X'X XX XXXX XX XX)( XX X ':(XX )I XXXXX)( )l')(X X)( XX 
XX XX XX X )(XX XI( X ~'I. XX XX Xx .X '(XX XX XX Xv X :<x XX X XXX XX XX XX XX XX\'. XX X >:XX 'X 'I.XX Xx X XX X XX XX Xx XX XX XX x XX x X 
xx xx xx)(' x '(xx xx x '( 'l x) xx x '('Xx 'Ix x )(xx v xx x '( x )'.)(xx x y xx y x '( x '\xx xx x -~ ~ "'j. xx xx xx x '( x )\xx x 'J( xx)( xx xx xx xx xx xx xx 
xxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx,x1.xxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxx 
xx xx x xx x '<xx xx x-,: xx,. xx 'Ix xx xx>.: x .1< xx xx x). x xx>. x xx xx xx xx'.:'. x Y x xx xx x: xx xx xx xx x xx>: xx x xx x xx xx xx xxx xx xx xx 
xxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxrxxxxxxxx~xxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxYxxxxYxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxx 

NO 3 er 1 ·~ CK 1470,000 FT FROM THE TARGET 

HIE FOLL Ow I ~G IS A H!STOGRA" or FOR 5~~0 RAYS Cll) 
I 'JTERV AL SCALE FACTOR: 100 ~IS EQUAL 501 RAYS 

LESS P.IA".f -21.2"0 

-~.?~0 TO -a, J 00 
-r.190 T1 -:ii .1 ~" ~ 
-e.1a0 T~ •J .170 ~ 
-ii .j 77. lo -?,l?l 0 
-~., 60 r1 .. z.1-;~ a 
-e .1se TO -2.1•0 ? 
-r.14~ ro .. z .1.s~ ' -r.13~ M -1.1n q 

-r.120 Tn -2.11c 
-r.110 T1 -2' .1 ·i 
-e.t~" T~ .. z,fP)e' 
-t'.79~ To, -JI, i .li') 

-~. ':'5~ T~ -~.e1i ~ 

-'?. :7~ T~ -~. e. "'i0 71 xxxxxxxxxxxxxx 
-r-.1~~ TO _,..,, ri.;r 243 o: XX X '.'< )(X "<)(XX l( XX XX XX X XX'< XXX XX XlO'. XX XX XX XX X ){XXX XX XX 
- .. '. if.152' TO -~ '11,.l·izi 354 X-.; XXX'<'<'<'<XXX XX XXXX XX'<'-<,., X'(XXXX).' YX .( )')..XXX'XXXX XX XXXXXXYXXXXXXX XXXXXXXXXXXX 
-r.i•0 TO ""·e.<i 392 XX XX X /..)(XX XX Y '(XX XX X '<XX XX XX X 'O; ;< X ;t '('(XX X :tX XX )I' X XX XX XX X :X X'X XX x;o: X X"X). X X'.X XX XX XX X XX XX XX X 
-~.,,32 TO -?., 0>J 452 
-v .~20 Vi ·~.Pt~ 5~t 
-~.~t~ Tn .. z. ei "'i: 469 
.. c .. 77'r.4 TO 2 .r:' 0 48Q 
~.;·ti rn ~ .r't' .. 4ry4 

XX XXX."XXXX XXXXXX '<V XX.<'< <'i XX X )(XX YX XXXXX XXXXX XXXX AXXXY XXX '/.XXXX XXX 'IX lCXXXXXXX XXX XX XXXXXXXXXXXXX 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtx~xxxixxxxxxxxxxxMxxxxxxxxxxxxxxxxxxxYxxxxxxxxxxxxxxxxxxxxxxxxxxx 
X '(XX X XX X'O'. '<XX X '(XX). XX XX '<X':O'. X XX X ~:XX XX XX XX XX XX XX XX XXX'< XX'>' '<X XX XX XX x-,.: XX XX XX XX XX XX XX XX 'I( XY )( );""(XXX Xx XX 
XXV~XXX£XXYXXX~xxrXXXX\XXXXX~X'<XXXXXXXXXXX'X~XiXMXXXXXtX~•xx~xxxxxxxxxxxxxXX)X~xxxx~xx~xxxxxixxxx 
)(XX'( XX X XX X'<'( XXYXX XX X XX'< XX XXX ;( X YX '.l XXX XX;( XX XX XX X J( X !I'. X )(XX XX XX XX XX XX X 'OCX X ll XX iX X ,;'XXX XX XX XX XX X )(XX XX X XXX XX 
xxxxxxxxxxxxxxxxx~xxxxxxxxxxxxYxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxAxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxl(xxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~ 
xxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

v.12z 10 e .e 1i 
l. ~3?, r1 =-" .r •ei 
~-~4J TO i'. 0?0 
r.~5? TO ~, l"":i~ 

('.. ;i~r. TO "'·'q0 
? • :•7? M ".? ':1~ 
; .v~11 l~ ~.c>0 
r. ~~ 93 TJ "'.1 ·1,,, 
r .1~1a T~ ~.ll0 
,,JtZ r, :". 1 ~" 
~.123 T0 ~ .1 3~ 
r .1 3~ T~ ~.1•e 
l'd4~ T~ ~ .1 «? 
r. •. 5" rn :-- .1.:,a 
Lt60 T~ ~ .1 73 
r .i rn 11 ~ .1-1~ 

r .1 se T1 '1, 1 70 
r .19C 11 } I :?,'2J 

CREA B,R Th-'~ ~.2,·~ 

NO 4 OF 

Figure 5. 

429 
397 
396 
234 

79 xi<xxxxxx:xxxxxxx 
r 

147~.0~0 FT fROM THE TARGET 

Beam profiles at the third focus in the horizontal and 
vertical planes respectively. No sextupoles are 
and the momentum is the central design value. 

included 



THE roLLOWING 1s A HISIOG~AH or FOR 
-18-

110 ~n h . o r Jr • • s- ·1. '~ ~ 

TM-374 
2254.000 l'IT[R: 4L 

LE5S THA'I ·iO·ii:!"a 

•a,21"16 TO -0.19d 
.,1.194 TO -<J.16• 
-~.1A:4 TO -;.J t l lid 
-111.110 TO -~.161d 
-~.161d TO -Id. l~ld 
•1111,154 TO -'O '14ii) 

""·1•11 TO -~.lJ.; 
•t.:, 13rill TO •d,120 
•Z, 12a Tn -~ .1rn 
-~.1116 TO .. j6 .1'~16 

•J,1"a TO -(!,.,(/\11 
•••• 9~ TO ·:ci, 1.H~.d 
•r,0R0 TO •Uokl7d 
.. .,,071rS TO -11.Ji6¥J 
-~,0604 TO -1.' .~':>~ 
•..i ,05ict TO -it.111411) 

-~·"4~ TO -"'·k.13~ 
•ti .ii34 TO .. i:;1,id2., 
-1,02a TO -i. •l. 
•it ,0ttt.: TO -~ ,.:h.'0 
-~.0~..i TO !() 1•1lid 

(l ,~1.3 Tt1 t6 • .a2"' 
~.02• TO ., .• .,.s1o1 
k),034 TO ., ''141() 

i.e•0 TO 0.~5• 
•• 05~ TO ••• 6t 
~.~6'1 TO '-1 o'l)/o/J 
,;.~7.b TO • •~'Ad 
0.~8 .. TO ~,.:iYid 

•• ~9~ TO d.l•~ 
•. ira TO ~.lU 
~.Ulll TO !ti' 121:1 
•• 12"' TO ", 1.i~ 
~.lJJ rn 0" 14d 
~.Hit TO 0.l!>kl 
"·15&: TO 0.16~ 

U,Hd TO ~"11.t 
0,17i6 TO o!.180 
0.180 TO ~.H• 
~.19tU TO /d.~1116 

GR[AT(R THAN 0.i00 

IJO 1 or Y IN C~ 

A 

0 
s 
4 

14 
19 
31 
611 
69 
9H 

114. 
14• 
148 
164 
162 
176 
227 
25'1 
26• 
261 
2'14 
26? 
249 
?56 
2?£ 
242 
21~ 
1b2 
147 
146 
13? 
126 

-O~' 
?6 
51" 
4?. 
22 
16 

8 
1 

"' 
II 

~CAU FACTOR I 

• XXO 
xxxxxx 
xxxxx~xxxx 

xxxxx~xxxxxxxxxxx..<xx 

XXXX~XXXXXXXYXXAXXXXXXX 

U~ X'S EQUAL n4 RAYS 

xxxxxxxxxxxx~xY~xxxx~xxxxxxxxxxx)Cxxxxx 

xxxxxxxxxxyxxxxxxxxx)Cxxxxxxxxx~xxxxxxxxxxxxxxxx 
XXX X.XXXAXXXXX)( X)I. XXX .10 X :o::O. XXXX X 0 XX XX Xll XXXXXXXX XXX. 
xxxxxxxAxxxxxxx~xxxxvxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

XXYXXXXA.XXXX XX X,<. X XXXXX XXXXXXXX Y XX X XX X ;.( ()(X X'<X :o XXX XX XX XX 
XXXXXXXXXAXXXxxxxxxxvxxxxxxxYXYXYAXXXXXXXXXXXXXxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxixxxxxxxxxYAYXX~~xxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxx 

XX):')OO .. X..<X XXXX). X;.-X XX X - XX ..<XX XAX xx x ~XX x X 1.XXX XX I.XX Y x XX '<XX X): X '< X .O:.XXXXX XXX XX XX" Xi XX XXX XXX X XXXX 
xx"' 1 '(xx x" xx x Y xx,._ xx xx xx xx xx :c~ xx xx xx xx :o:. xx xx xx xx xx xx xx x,. xx xx xx xx xx xx xx" xx x :1 xx x '< x -xx xx xx xx xx x 
XX l( ·x XX XX XX "1l XX;. X ~XX X ;( ,o. A;( XX XX XX XX X 'IX XX'; XX XX XX AX XX XX XX A.XX,( X J. XX XX XX XX XX), 't. X): X )(XX XX XX XX XX XX XX)( 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxvxxxxxxxxxxxxxxxxxxxxxxx 
xxxxx xx x y x:o. YA Xi)(){)()(~ xxx y xx xxx x )(). x xx xxxxx xx x XXXXXXXXYXX>. xxxxxxxxxxx ;oxxxxx )()()O;Y x.<xXx x xxxxx 
xxxxxxxxxxxxxXX)XXKXYXXXXXXXXXXx•~XXXXXXXXXXXXXXXXXA.XXXXXX~X){XXXXXXxxxxxxxxxrxxxxxxx 

XXXXXXXXJXXXXXXxYXXx-XXXXXXAXXXXYXXXXXXXXX~xxxxxxxxxxxxix·xixxxxxXAWXvx~xxxxx~xxxxxxxxxx 

xxxxxxxx~xxxxxxxYXXX}XXXYX~XXXXXYXXXXXXXXXXXXXYXXXXXXXX,l(XXXXXXXXXXXXYXXXXXXXXXXXXXXXX 
xx xx x xxxxxxxx XX1 xxxxxx xx :.:xx.AX xx Xi xx xx xx X'.<X xx lO xxxxxxxxxx xxx xxx xxx xxxxxx.11. }(.l(XXXXXX;(X 
xxxxxxxxxxxxxxxxxxxxxxxx;(xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~~xxxxxxxvxxxxx 
xxxxxxxxxxxxvxxAxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxx~Yx~xxxxxxxxx¥xxxxxxxxxxxxxxxxxxx 
xxxxrxxxxxxx~xxAxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxXAXXYX~xxxxrxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxrxx~x~xxxxxxxxxxxxxxxxxxxxxx~x 

xxxxxxxxxxxxxxxxxxxxxxxxx~x 

xxxxx~xxxxxx~xx~xxx 
XXYXXXX1XXXXXXXXY. 
XXXXX>.X..(XXXXXX 
xxxxxxx 
xxxxxx 
•• 

1~27.139 FT FROM THE TARGET 

T"E FDLLOM!Nt; (S A HISl<JGPAl1 or FOR 

PITERvAL 

LES~ THA'. ... J,,4C0 

-2.40.a TO -2.J9~ 
-2.39J TO -2 • .s~"' 
•2,JR~ TO -2 • .Sl.A 
-2,37;.J TO -2.J6i 
•2.36l TD .;,,J,~ 

•2,354 T~ ... 2' .S4'6 
-2.34J TO ... 2 ,JJ;il 
-2.336 TO -2.J2a 
-<. 324 Tn -2 • .s1~ 
-2.J!J TO -2.J•a 
-2.J~-:: TO -2.294 
-2.29ii T!l •2.<Bt 
•2,B~ TO -2 .;!7J 
-2 .27tcl TO -2.26~ 

•2.26• T!l _.,,,J 
-2.25a TO -?.24~ 
-2 ,2416 TO -2.2.3,a 
·<.234 TO -<. 22J 
-2.22~ TO -2.21iu 
-2.21~ TO -2.~~l~ 

-2.2~~ Tn -2 .19• 
-2,19;) TO -2.100 
-2.1a~ TO -2 .17.:i 
-2.ua TO -2. l6iJ 
•2.16~ Tn -2.1>~ 
-2.15~ TO -<. l•J 
•2 .14 J TO ... z .131J 
-2,13J TO -2.1211'.J 
-2.120 TO -2 .11~ 
-2.11~ TO -2, 1Mii:i 

·<.l~J TO .. 2. "9" 
-2.09a TO .. ~, ltl},6 

-<.a6d TO -2,iJ/13 
•2,07J rn .. c! • ..;b., 
-2.06d TO -2' l(i~~ 
·2.~51! TO -2.0•~ 
-2.0•~ TO -2 • .uJ() 
-2.03~ TO -i' .&2~ 
-2.nJ TO •2. ~J1(1 
-2,01~ TO -2.u_,.b 

GRfAT[R TttAN -2.~~0 

NO 2 o~ X IN CM 

Figure 6. 

10 
15 
26 
J7 
43 
;; 
6~ 

99 
12 .. ) 
96 

134 
17, 
152 
189 
lb? 
175 
171 
16 11 
?28 
~n 
227 
2~1 
2l9-
<tiB 
22~ 
169 
1/9 
163 
166 
143 
lH 
111 
rn1 

77 
71 
6~ 
49 
33 
19 
1, 

11 

SCALE FACTOR! 1i0 x•s [QllAL 

ux 

xx xx 
XXXXJl'.X 
XXXXXXXX'tXX'X 
XX)(XXXXXXXXXY.11.X 
XAXXXXXAXXYA~xxxxx 

XXXXXXXAXXXXYXXXXXXX){XX 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxixxxx)xxxxxxxxxXYX 

2JJ RAYS 

XXXXX ,('l(XXX XXVX '( X XXXXX X~ :I. XX '(,(XXX XX X XXX:X X )( '<X X:OXXXXXX 
xxxxxxxxxxxx1Axxwxxxxx,xxxxxw~:1.xrxxxxxxxxx 

xxxxxxxxxxxxxxXAXXXXAXXxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxx 
xx xx)( xx x )( x (X '( x )(xx)()( x 'Ix xx xx x )(xx xx'! x .(xx xx x y xx l( \(xx xx xx xx xx xx xx)( xx x )()(xx xx xx x )'xx 
xxxxxxxxxxxxxxxxJXXXIXXXXXXAXXXXXXXXXXXXXXXXXX'IAXX~xxxxxxxxxxxxxx 

xxx XXXX'ICXXX )('l{XY)( x XYX I, xx x xx~ x xx xx ·ox:oxx xxxxxx x xx Xx xxxxxx xxx xx x x'xxx xxxxxxxxxxxxxxx 
xxx xx xx .i::xxx I. XXX). )'. .o:x ()(xx xx x xx>: xx xx Xi..X xx x xx XX¥ xx xx xx X'( xx xx xx xx xx x xx xxv: x xx'( xxxxxx 
x:oxxxxx x l()(), xx xx )I' x xx)( X'< xx xxx y x xx xx x ;()(A XX)' xx)( xx XAXX <.O' x;. xx xx xx xx/. xx xx"! ;.xx" x '( 
)(XX XX X )( j( XX XX'( XX AX XX A~ XX X Y X .<XX X Y XX XX XX J' 'f.X 'IX X AX :0 ). .'(XX,; XX XX)")( 'I)(, X /...'I.XX XX X /XX XX 
xxxxvxx~XXXXXAXXXXXX'IXXXXXXXXXXXY>.1.XXXXXXXXXXXXXXXXXXXXXYl.xxxxxxxxxxxxxx 

xxxxxxxxxxx>.xxxxxx~xxx~xxxxxxxxxxxxxxxxxxxxxxxxx,xxxxx1..xxxxxxx1.xxxxx;xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxXXX)XXXxxxxxxxxxxxxxxx-xxxxxxxxxx.11.xxxxxxxxxx;.xxxxxxx~xxxxxxxxxxxxxxxxxxxxx¥xxxxx~xx~xxxvxxxxxxx 
XXXXXXX1'.'XXX'f.XXXXXl..XXXXXXXXXXXll.:.;xxXXX)('f..XAXAXXXXXXXAX>.XXXXYXXXXXXXXA.XX/...XXXXXXXXXXX1..XX'IX).X)(XJ(XXXXXX'( 
x~xxxXXA~xxxxxxxxxxxxxxxxxxhxx~xxxxx~xxx...;xxxxx~x~xxxxxxixxxxxxxxxxxx;x~xxxxxx~xx~xxxxx 

XXXlXXXXYXXXXX'.<XXX)Xll()XXXXXY~XXXAXXXAXXXXXXX).XXXXXXAAXXJXYXXxX~(XXXYXXX~xxxvxxxxxxxxxxxx 

XX X Y. XX XX XX XX X ~ X:.. XX XX XX XX XX AX XX XX 'OX XX XX XX XX XX XX XX XX x Xx XX XX XX XX XJ<. XX XX XX XX XX XX XX ;ii: XX XX XX XX XX 
XX XX XX XX"/. XX XV XX>: X o: XX'>: XX XX XX XX XX X AX XX XX XX XX XX XX XX XX X Y XX X YI.XX XX XX X ,(XX XX XX XX XX X ,()(XX):, X )(XX X XX XXX XX 
XX XX XX XX XX XX XX XX X XXX}. XX XX XX XX XX XX X XX XX X XX XX XX XX XX XX XX XX XX XX XX XX XX XX X X'X X XX XX XX XX XX 
xxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxYxxxxxxxxxYxxxxxxxxxxxxxxxxxxx 

xx x xxxxxv xx x ~xxx xx xx 'f)(X xx xx >.Xx xx')( xx xx x XX)'X xx xx xx x xx xxx xx XXXXXXXXXXXXY 
xx x xx ,ccox xxx AXA xx x XY x )(;(xx x xx AX xxx xx xx X.C< XXXXXXAX x xx~xxx xxx xxxxxxxxxxxx 
xx xx xx xxx xx;('( xx x ):'.xx xx xx xx xx xx xx xx xx x xx)( xx xx xx xx xx x )( x )(xx x xx xx x 
XX XXXXXX X XXXXXXx XXX X 'IX XX X )i 'X XX xXX XXXXXXXXXXXXXXXX XXXXXXXXXXX 
X AXXX X )( O'.XX )("XX X XXXXXX X/... XX XX X XXXXXXXX XXX X XXXX XX 
iAxxxxxxxxxx~xx~xxxxxxxxxxxxxxxxxxxxxxxxxxx 

x.xx.xxxxxXXXAxxxxxxxxvxxxxxxxxxxxx 
xAxxxxx~~xxxxxxxx~xxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxx 
xx:n.Yx:-:;..xxxxxx 
XXXXXX:t:X 
:o:xxxx 

l(XXX 

10•1.1Jv FT r~OM THE TAHGET 

the second focus in the vertical and 
respectively. No sextupoles are 

Beam profiles at 
horizontal planes 
included and the momentum is one-half percent above the 

central design value. 



T>i;: rOLLO~ING IS • 
l~TERVAL 

Ll5S lHA'• -it.1.~\J111 

-~.2r~ TO -0.19111 
-t',19~ TO -~, 18~ 

-l.18d TO -o.l7.> 
-l, 17d TO -~', l,6,J 
--.1~Z TO -111 .1'311.i 
•r;, 151' TO -J.14.> 
-.• ,140 M -!Ll.1.Sid 
-1..1J~ TO -~ f 12id 
-~.12tl TO -itl .11~ 
-~:.lh! 10 -0.1~. 
-o.H0 TO _., ,.:9.: 

-· ,09d TO -:t),'i!/j.,i 

-l,080 TO -.d."1/IJ 
-0,070 TO -~ ,c6.: 
•;o."6i6 ro -l(l.ii5.J 
-~.~5d TO .. ~ • ..i4,u 
-~, li:l4k) TO -~ • .iJ~ 
-v.~J0 TO -i.:J.~?w;i 
-0.020 10 -~.l(Jhl 

•c' • -'10 TO -c,M'IA 
•f,. "f11d TO i1 I~· liJ 
•• 010 ro 0.1.12J 
~.02~ TO "·~3,J 
Z,030 TO l1hk14~ 

~.040 TO ~ ,ci,,~ 

e,05~ TO 0 ,(16~ 
t'.06d TO it ,/d7,) 
r",1tH~ TO z.·i.i~iU 

w.,~0 TO 0.~9.J 

~.090 TO ~ .1~:u 
.,,, 1,•0 rn Ii:! 1 lliJ 
z, 11-:l TO 0 .12~1 
... 12~ ro ~, 1JJ 
~.130 TO i::l, 141& 

... ; , 14iU 10 ft 1 l~u 
~.15~ TO kl 1 l6t1 
o),16" TO 16, 17&'.I 
;,17" TO 0, 180 
.; .181d TO 2:' l'>'ril 
~.19~ TO . ".~.,~ 

GREATER THAN ~.2~!0 

H(STOCRAM OF 

80 

J9 
~J 

•' 70 
uJ 
9/ 
97 

Ill 
13H 
l<l 
IJ6 
1J7 
1>4 
171 
1::S9 
164 
166 
178 
17> 
18R 
197 
Hi:~ 

101 
148 
134 
132 
166 
148 
144 
142 
128 
111 
1~6 
1"2 
rn~ 

8> 
61 
39 
41 
33 

62 

FOH 

xxxx:w:xxxxxxxxxxxxxx 
xxxxxxxxxxxxvxxxxxxxxxxxxx 

-19-
l~I RAY~ 

XXXXX XX). X ,I()( I.. 'I;&. XX X )O'X Y)( II X ll'XXXYXXX XX 
XXXXXXXXXXYXVXXxXXYXYXXXll'XXXXx~x~xx 

x~Yxxxxxr~~A~xxxx~xxvx~xxxxxxxx,.xxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx,xxxxxxxxx•xxxxxxxx 
XXXXXXXXXXXXYXXXX>.XXYXXXXXXJ..XXXXX~Xxxxxx~xxxxxxxx 

XX XX)( XX XX J( )( X 'I" XX XX'( XX XX)('! 1.. XX XX XX X !. XX XX XX XX X AX XX XX XX XX X XX 
XXXXXX XX XX)( X '<XX X XX XXXXX l(XXX XX x XX'l(XX x XXX J..'t X XX XX Xx X XXXXX XX )()(XXXXXXXXXXYX 
)O:XX"•O.xxx.u:x '/ x xx x xxx 'i)( XXXXXXY xxx xx XXYXXX'C x lO.XX xxx,. X.:C<XX)( )'xx xx 
xx xx xx xxxxxx·o.x x xx xx xx xx x X;(X :t.. xx;., xx)( xxx x ,;xxo.n. -1 x :c.xx x xx;,,, x xxx xx xxx .o:x x 
XX XX XX XX XX XX ll' XX XX XX XX X )".XX XX X n.. X .O'. XX XX XX XX XX XX XX XX XX;<'( XX XII'. XX XX XX XX XX X y 
xx xx xx xx xx xx xx xx xx x XY xx x Y xx xx xx x 'I J{ xx xx xx xx xx x x·x xx xx xx xx xx xx xx xx>. xx xx y xx xx x xx xx 

Ci) 
TM-374 
2254.000 

xxx xx xx"' xx )(X xxXA X.i;X xx xx x ·o. x xxx xxx .<xx xx xx xx x :t.:X x xx :o.x xx xx ic.'I x xx xx x xx xx x-.: xx xYx xx xxxx·oxxxx 
XX X XXX XX XXXXX X XXX XY.X '< X )( Xl<XXX 'I Ai.( X ltX XX.( XX 'V X XX); XX X XX;( XX X XX ;(X XXX .()( :0. :O:XY ll. XXX X XX 'OCX X 
)(XXXXX)!' XXXX /...IX 'IX XX XX v. X-XXYXY XX X '(AX 'II X XYX I()( x XX XX AX .i. x XXX)I. X)' XX Xl. ,1.. XX XXYXXX)' XX XXX XX YX'IX 01 X 
xxxxxxxxxxxxxxxxxxxx~•XXYXXXXXXXXAXX'l.XXAXXXXXXX~xxxxxxxxYXXXXXXXXXXXVXXXYXAXXXXXAXXX 

X): XX XX XX XXY X ~XX XX XX X"X X l( X Y. XX XX XX XX.( XX XX 'I.XX' XX XXX XX XX XX XX X :A. Y XX XX XX XX X Y x 'f XX XX XX XX X XX 'IX XX'<)( XXX X 
XX A~ AX X ")I'. XX X Y XX X" XX I.'< X 'f XX XX XX XX A,, X l( XX XX XX X l( ;(::<XX XX XX XX XX XX XX XX XX XX AX X y ;o. >.XX)( XX' X )(XX XX XX XX X 
xxxxxxx•xxxxxxxxxxxxxxxxxxxxx~xx•xxxxxxxxxwxxxx~~xxxxxxxxxxxxxxxxKxxwxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxx x XXXAXX )(JI, xx x ;.:O, > x ~ )( )( xxxxx xx 'I.. x:.: xx xxx xx XJl.XXX>.. )( x X>,X;. xxx A. x io.xxxxx XX'()('( xx xx x xx)( xxxxxxxxxxxxxX,<XXXX'il:XXX 
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Figure 7. Beam profiles at the ~hird focus in the horizontal and 
vertical planes respectively. No sextupoles are included 
and the momentum is one-half percent above the central 
design value. 
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Beam profiles at the second focus in the vertical and 
horizontal planes respectively. No sextupoles are 
included and the momentum is one percent above the 
central design value. 
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xxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXX~X~XXXXXYXXX~'(~Xtxixx~XX)XX~~xxxxxxxxxxx~x~ 
xxxxxx1xxxxxxx1xxxxxix~xxxxxxxx,..Yxxxxxxxxxxxxxxxvxxx 
xxxxxxtxxxxxxx\x~~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxx 
x xxxxx xx xx l( X'O "( x '<xx tXX '( x xx xxx x~xx x (XXXX xxn: xx x :\:ox xx xx xx xx x xx xx xxxxx 
)()00'.X 'IX'O'X xx xx..- xx x )('(Xx vx x:cx. X'< X>'X X"j xxx X)(XXX x YX x ... xxxxxxxxxx x xxx x xx '0 xxxxxxxxxxxxxn: xxxxxxx 
xxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxx1xvxxxvxxxxxxxxxxxxxxxxxxxxxxxxxx 
XX'<XKX(XXX'<XYX<XXiXXXXXXXXXxxxvxxxxxxx'<XXXXX~X(YiXXXXY).XYXXxXxxxyxxxxxxxxxxxxxxxxxxxxx 
X"X'XX)('i( )()'.'lo XA X'O: Y'O,'.'X '( '(X)( ~ :o:'X)'.)( 'I. {'{)(X'l( 'XX l( iX)()()( )( IJ >'.)( >'XY:)( oxxxxx )('A)( xx:o:-xx AXXX)('.O:x:cncx 'JXY.Y xxx xxxxx 
xxvxxxxxrXYX)(XYXYXYYYXXXY.XXXXXYYYXXXXXXXXYXXX).iXiXYxxxxxxxxxxx~x~xxxxxxxxXY.XXXXXXXXXXX 

XtXXXX~XXXXXXXXXYXXXYXYXXXXXXXXXYX~XXXXXXk~)()()(j)()(XXXXYXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx xx x \'!(;(\xx XXXYXXX' /)(\;\XI, xxxxx X"'.X )( x :l.'t.'iXX xxxxxxx <x :ncxxxxxxx x )(xx x XXXXXXXX). xx xx xxx x :oc xxxxxxxxxxxx:i: XXXXX>. 
x )(xx xx x )( y )(' xxy x )()I'.);)( xx'\ xx xx xx x )( x y xx X'I'. x xx>:: xxx xx x )( .< x J. x 'ix xx 'ix x y x y xx xx'.( xx x YX x" )('.(xx xx'.( x )( Xt xx x"'I. x xx xx xx 
xx xx XY" xxxxxxx vxx < x X'i lP xx xx ·nv xx):"x ~ xxxncxxxxxx x xxxxv o xxxxxy). xxn. xx xx xxxxxx xn· x :o: xx xx..-yxxxxxx 
~XXXXXXXVXXkXX~)(X(XXXXIXXYXYXX~XYYXxxxxxxXXXYX(XXXYXXX'l'.XXXXXXXYXXXYXXXXXXXXXXXXYXXXXXXYXX 

ionon( x /. x XX'<Y '(\( )"10' )( )( )( l(' )( ( y )()( x ';{'.( 'J. )( y 'V xx )(V't '/.'JO( x )(xx)()( x :t. )('V X'IO x xx xx)( x )(xx xx)( x )(xx)()()( xxx )( x '(xx lO' xx xxx x 
XXXX:.CJ: :OXX X 't'l'I XX X Y (J:X XXXXX X )(XX., XYX ()(XX X XX·X XXXX XX ;tX>.. XX)(' XXXXXX XXXXXXXXXXXXXXXXXXXO:'. XXXXX X XXX 
xx xx '<Xx x•o xx ·o: ',(xx :c~ :co ·ex xx x xx' xx:< x -<x )":<xx xx xx xx x xx xx x-..: }I "l'<Y. xx'< xx xx x n: x :ox xx xx xx x xxx xxx xx xx x xx 
)' X )()'XX XX XX XX X '( '( X '/XX XX X '< X "IC X XXX X '( XYX XX XX X XX'< XX XX XX XX X XX'i VX XX XX XX XX XX XX XX X XX X XXX XXX X 
xx xx'(){'()('()():.)( f). 'l.YX x )( )( x XXXYX"X )(X )('(i()')( :( xxxxx xxxxxx \ x XX'.C)( ()I>( )()Ix xxx xxxxn: xxx xx 
xx x :.c x x :'xx xx xx xx x y x '(xx xix xx xx /, xx x ';{ x:.:: x "Ix xx xx xx xx xx'< x '! x -x); '< x y x ')."xx xx xx xx xx xx xx xx x 
x '(xx xx" XYX )I'.'( IX'(},' x '(xx xx'( xx)( xx x )( x ":(')('<Xx xx xx xx xx x xx xxx xx)('( xx xx){ x Xxx xxxxx 
xx xx xx)( xx x )( )('';( ll '(xx xx)( xx xx x xx xx x xx xx 'l( xx x )(xx xx xx )I'. x xx): xx);')(' x )(xx xx 
xx )()C x X-'i. )();)(XX xx 'i')()( )(I. xx X'fXXXXXX xxxxx :<x:o:xxx xxxxx xxxxxxxx . 
xx xx xx xx" xx xx x xy Y. xx xx xx xx x :nx 'O' 'i'J x xx xx xx xx xx xx xx xxx 
xxxx•xx,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxx~xxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxx~xxxxxxxxx 
XXXXXX){XX 
xxxxxxxxx 
xx 

1470.0~0 rr rROM THE TARGET 

the horizontal and 
sextupoles are included 

above the central design 

Beam P!Ofiles at the t~ird 
vertical planes respectively. 
and the momentum is one percent 

focus in 
No 

value. 



1 
T"E rOLL'J'l'tC I~ A >'(SlnCQA• or FOR -22-

~/J. 0 (1•\ 
Tlv.t-3 74 

l : 1T(PV .t.t. 

USS H·U~\ -1.2~0 

•r .2i2 TO -0. ! 90 
-?.1n T~ -0 .1 "0 
-r.1se M -~ .17~ 
-r.1H r~ -~. ! 6~ 
-<.i6e ro ... ~ .1?0 
-e .1 s~ Tn -~.142 
•l'.14?. TO -:', ! 32 
-v .1.10 Tn -v.12z 
-r.12e TO -0.110 
-g. 110 TO -~, 1'0 
-~ • l z;.i T~ -~l. 2170 
-r.~9~ T~ -~.0"~ -" .('~~ Tn -e.070 
-l.~13 Tn -P'.0~~ 
-r.~60 TQ -;: . eoa -.. ,,~ Tn -~.040 
-2.?40 10 -~.?!HJ 
-r.c,J0 TO -~.0:.?a 
_, ·''2-" Tn -~. 01?. 
-e. r1~ TO -~. ~ ·0 
·r. ;ii1'0 TO e.012 
r.. C' 1~ M e,~?~ 

r.nr TO v.0i~ 

v.iJo TO ?: • 040 
11'. ?40 TO a.05~ 
1.Q50 M ~.0~~ 

"·C"6C Try ~.072 
e.~10 r ~ ~. 0•0 
~. ,,ae TO c.090 
I" .cQ0 TO ~ .1:·0 
r .1 Z2f TO ~ .11~ 
r.110 T~ ~.12~ 
e.12~ To 0. nz 
~ .. ::.Je TO 7, .. 14~ 

r.14} To ~.150 
r.15r TO 0,160 
r.16~ TO e,170 
e.iu TO ~.1az 
r.1ee TQ 0,193 
e.1911 TO V:.2?'~ 

GRE4TEq TM.1,N 0.NZ 

NO 1 OF Y IN C~ 

0 
0 
0 
(~ 

5 
5• 

123 
17'"' 
<34 
2~1 
tiJ•' 
24'• 
29. 
79 5 
29Q 
3 (' .~ 
275 
31 ~ 
JP 
3'.l2 

2•7 
243 
225 
211 
177 
112 

61 
2 
i 

Sr.ALE FACTOR! 100 X•S [OUAL J18 RAYS 2254.000 

x 
xxxxxxxnxxx'Xn 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxx~kXXxxxxxxxxxxxxxxxxxxxxxxxxvxxxxxxxxxxxxx<ixxxxx 
xxxxxic:xxxxxxxxxxxxxxxX,(Xl<XXxxxxxxxxxxxxxxxxxxxxxxx>.xxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxvxxxxxxxxxxxxxxryxxxxxvxxxwxxxxvxxxxvxxx~xxxxxxxxxxxxxxxvxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxx~xxxxxxxxxxxYx1xxxxxxxxx1xxxxxxxxx~x~xYxxxxxxxxxxxxxxxxxxx 
xxrxxxxxxxxxxxxxxxxxxxixxxxxxxxxxxAxxxxxxxXXkXXYXX•xxxxvxx~xxxcxxxxxxxxxxxxxx 
xrxxxxxxxx(x~xxxx)xxyx~xxxxxxxvyvx~xx~xxxxxxxx(x~x'x~xxxxxxxxx~xxxxxxxxxxxxxxx~xxxxxxxxxxxx 

xxxxxxxxvxx'i(xxxyxxxx,xixxxxxxxxxxxxxxxxxxxxx1x~xxxxxxx~x:xxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxx 
'.<XXXX) xx tXXXX'CO xr. xx},:.; XJ. xxx XXXY xx x xxxxxx xx xx xx x:o~x :.: x:x XX'/ xx xx xx 'o:X '(xx xx xx xx ::0 X'.X'XXXXXX 'O xxxxxxxxx 
xxxxxxxxxxxxxxvyxxxxxxxxxxxxxx,xxxxxxxxxxxxxxx~xxxxxxxxx~~XXAX~xxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxx 

XX X )('.(XX X '(XX ll X )(I Y 'XX XX XX XX XX XX XX'( X Y,>: XX X )(XX X ;( );' X :<XX X '< X / X ~ X Y X :<)(XX~ X '('I'( XX X '()(XX XX XX XX XX XX X )('XX 
xx xx x xxx.o xx X'Xll '/'I ,t. xx xx xxx x xn: x 't I 0: '{XX x:. xx xxx) x), )(Y.0 XXYY:C :i.xxxxxxxv Y.X x.o:xxxxxxx x xx X)(XXO: X)('XXYXXXXXXXXX 
xxxxxxxxxxixxxxxx~xxx;<XXXYYX'iXi~xx,xxxxxxxxx~xxx~XfYXJXXXXXXXXXX~XXXXYXXXXXXXXXXXXXXXXXXXXXXX)XXXX 

xx x xx :o; xx xx xx x:.: x .o xx xx xx xx xx xx x xx xx xx xx xx YA x ..<xx xx x;.; xx xx xx xx x xx xx x xx xx xx x xx xx xx xx xx xx xx x xxx x xx x 
x xxxxx xx xx xx xx xx xx xx xx~ xx xx xx xx x xx xx xx)'. xx xx xx x ,( x;.. xx xx)' xx xx xx xxx x '!xx xx x xx xx xx x 
xxixxxxxxxxxxx~x~~XxKxxxwYxxxxxxxxx~xx)xxxxxxxKxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
X )()(XX X XXXX XX 'IX>: XX X t. XX':< XX XX XX XX'( XX X'' )('( )(:X XX XX :0 XX XX)('( XX XX XX X XX XX X XX XX XX X 
XX XX)( II. X XXX XX)( X AX X Y XX)( XX)( XX XX~':( i. )( )( )( X XX XX XXX X )( )( XJ; X ){)(XX X )( '( X )( )( )( X )( )( X )()( X 
'XXXXXXXXXXXXAXVX'i(XXXXXXXXXXXXX<Xxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxx•xxxx 

1~27,139 FT FROM TME TARGET 

T>'E FOLlO·<t~lG 1 s A MlSTOGRA" or FOR 

l~TERVAl 

LESS T~J.~; -? .2 ·~ 

-z.220 TO -0.1•e 
-e.1~0 TO -0,1130 
-ll.1se TO -0, )70 
-e • l 7C TO -i.1~~ 
-r.16f. ro ·3.1'0 
-r.15Z M -z.14~ 
-r.1411 To -~,.13~ 

-~ .. '!3"' TO ->.1n 
-~.\V TO -P..11~ 
-r.110 T~ ·? .1·'0 
-e .1;0 TO -r..eo0 
-~.ni TO -~.e'~ 
-lL7'31' T·1 -~. 010 
-i.~n Tn -: .. 06i: 
-r.He TO -~.io0 
-i."53 T·'.:1 -;i. ea? 
-~-~·i TO •2 ,230 
-r.•30 To -2. el2~ 
-r-"20 TO -~.ria 
-r. n0 Tn -~. 0.-.0 
-r.~~• TO ?,013 
c.:·1~ TO ~, 0?C 
e.n• TO 0.~H1 

~.:;JJ TC ti, ~az 
0.~·~ Tn ~. 0'i0 
r.:s~ TQ 0.M~ 
0 .. c."~2 Tn o,070 
i' .r7;J TO r.M~ 
e.r~a TO 0 ,(llQ~ 
0.?Q21 Tn ei, 1('(J 

r. 1:i'!il TO r.11J 
e.11~ Tn ~.120 

r.iu TO 0 .1.'52! 
~.13~ TO ~.1'i 
~.1•0 TO ".1 "0 
e.152 10 ~ '161Z' 
0.16r' TO e.17J 
r .11~1 TO ~, tBl."i 
t.18~ TO 0.19J 
~-190 TO 0.2r0 

GREATrR T~•~ ~.2r0 

NO 2 Of x 1~ CM 

FigurelO. 

,. 
• 
7 

12 
?.ti 
6• 

lV 
199 
2?'-
3~4 

'37 
3"~ 
4;1;• 
31'H: 
3~7 
396 
37q 
36 ., 
32R 
?.6? 
?':.?7 
139 

46 
24 
F 

3 
~ 

x 
x 
xxx 
XXX}{XXX 

SCALE r4CTOR: 1~~ x•s EQUAL 

X XX )C(XX X'X X XX XX XX 

403 RAYS 

xxxxXXiXXXYXxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx xx ·o: x ·:o·xx x xx xx x Y .< x Y xx x xv·o: X'o: xx xx x ox xx xx xx x xx xxx xx xx x 
xxxxxxxxxxxxx~XXX(AXXX~XYX'IXXYX'XXXAXXXXXXXXX~XiXXXXXX'llXX~xxxxx1xxxxxxxXtXXXX 
xxxx~XXX~XXY<XYXXY1XXXXXxxxxxx~xxxxxxxxxxxxxxxXXYX"XYXYX'IX'<xXXyyvx~XXYXXXXXXXYXXXXXX 

X )( X )''(XX XX XX XX X )(XX XX XX'( V XX XX XX;( XX '(X f XX X) XX XX XX X AX XX X )( X )I Y X Y XX XX XX X 'IX XX X )(XX'( XX X); 't XX XX XX)( XX)( XX XX XX X 
'll xx,; '1.1 x :.·;,xx '(xx·o·x 1. ll'X,-: <\" ;r:xxx x x-<x xx ·ocxxxxxxx xxx xxxx~ xxxxxn:xx x xx xxx xxxxxx xx xxx x :o:xxx.x:xxx·xxxxxxx xx:ocxx 
xxxxxxx xxxxxxxxxxx '{'l,Y..1'. 'i.YX x xx~'( I,'( ;(X i::xxxx )()(;(). x xx '(X '( )(Y)O: )(XX'/ :ox xx xxxxxxx xxx x xxx x X..< t.)(XXX xxxxxxxxxxxx 
XX XX)'. XX X "XX XX X '< V X :<XX'( X ,'( X XX XX XX V. AX X ~ X 'I.XX XX X XX 'I.XX X ~· X Y XX Y l. X 'IX XXX X XX '/XX XX X XX X Y.X XX X AX XX XX X 't y XX 
xxxxxx,x1xxxxxvxxxxx<xxxxxxxxxxx~xxxxxxxxxxx1~xxxx1xxxvxx~xxxxxxwxxxxxxxxx~xxxxtxY~~xxYx~xxxxxxxxxx 
xxx:ocx I.xx XXXXY'(): xx~ x <X't.XXXX X>' x YX xx AXXXX xxx xx xx tXYX XXXYXXXXXXXXn: xxx:o :ocxxxxx xx xxxxx :nx): xxxxxxx 
xxxxxixxvxxxxxxyxxxxxxxxxxxxt)(xxxxixxxxxxx·xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxAxxxxxxxxxxxxx'<x~xxxxxxxYxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxixxxxxxx 
xxxxxxxxvxxxxxtxxxxxxxxxxxxxxx1xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxYxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxx 
xxxxxx 
xx 

1041,139 rr FRCM TH[ TARGET 

the second 
respectively. 

Beam profiles at 
horizontal planes 
used and the momentum 

focus in 
Two 

is the central 

and the vertical 
sextupoles are 

value. design 



TH[ FOLLOlll~G !S A fllSTOGRA~ or FOR 5000 R4YS -23-
(IS) 

TM-374 
2254.000 f '<l(Rll AL 

LCSS tHA"I 

-e.200 TO 
•e .1 n TO 
-r .i ~a M 
-r .1711 TO 
-0.!U TO 
-1.15~ TQ 
•r .14' TO 
·e.1Ja M 
-~ .t211 TO 
-~.110 TO 
-r.p0 TO 
... ? ,zqtJ TO 
-E' .n~_, TO 
·r ... 10 TO 
•V· .r~lt rn 
-r.;l•:ht TO 
-r.~·40 To 
-r.~30 TO 
•r.r20 TO 
•i',.:U TO 
.. " .~2e To , .. ~u TO 
e . .,n ro 
r. ... 133 M 
V.,'.43 TO 
P.~50 TO 
v. J1!>~ T·) 
~.:-70 TO 
e .~ '!i TO 
r. z,90 TO 
c .1 ~0 TO 
r.110 TO 
0.J20 M 
i"' .130 TO 
e.140 TO 
e.1sJ TO 
e.160 TO 
r.110 T~ 
r. .1aa Try 
0.190 TO 

GREATER TI'! A~~ 

NO 3 or 

-e,zl0 TO 
•f.190 TO 
-i.1e0 TO 
-r.17~ TJ 
-rt.16~ T'l 
-e.150 TO 
-r.1<0 T' 
•r.t30 Tn 
-r.12i TO 
-L110 TO 
-r.1n M 
-~.1.90 TO 
... r.~e~ TrJ 
•r. ~70 Tl" 
-C.76i T' 
-~.;>50 Trl 
-e.~4~ Tl') 
-r.~3a Vi 
-r. >.20 ra 
-{'. ?1~ TO 
-r. '.'7~ r0 
f. 21~ T~ 
~.7U M 
r. ~l.JOJ Tfl 
~.?4C TO 
r"'.r5~ TO 
C,760 TO 
r.r.10 1n 
~.?~~ TO 
r.r90 TO 
t • 1 "~ TO 
r.11~ Tn 
0.123 rn 
V,tJ0 TO 
r.14~ T~ 
r .1 ;~ ro 
r.16e TO 
V,\10 TO 
~.180 TO 
C.190 TO 

CREATE~ T~A~ 

NO 4 or 

-~.2"0 

-0 .19e 
-1t,H0 
-•.170 
-.1 .1(1/; 
-0 .1~:(1 
-l.14J 
-~ .1:S-' 
-0.12a 

-· .11 ~ -0 .1,·~ 
-~.09" 
-~.08l 
-~.07~ 

-0,06~ 

-•.05• 
-~.~'4? 

-r~·"'·q· 
-•.C?0 
-~.01~ 
-~.3.'0 

~.0J~ 
1., Z2Z: 
e .0JO 
e.0•~ 
~.050 
0.0~a 
·a .0rn 
a. e ·!9J 

3. Z' '" 
2,F0 
0 .110 
~ '1-..>21 
~ .110 
l.140 
lt.15~ 
0,H? 
a.110 
0.1~0 
0,19e 
~.2~0 

0.210 

X IN CM 

-0 .190 
-0.100 
-~ .170 
-l.16~ 
-2.1se 
.. ?. . • 14" 
-~.13~ 
.. ~ .1 ?l 
-r.1:~ 
-e.1~0 
-~. e;e 
-111. 1?8~ 
-e.a1~ 
-0.r6a 
-~.~5~ 
-r.ll40 
-~.eJ0 
-~.en 
-0.eu 
-~.0"0 

•• ~l~ 
~. 212e. 
e.03~ 

0.r•~ 
!il. 05" 
~.C?f.21 

?. • 0 70 
•. e•0 
0.e?0 
l,F0 
"·11~ 
0.12~ 
~, 13~ 
r.1•~ 
r,150 
e.1~0 
0,170 
e.1s0 
~.19~ 
0,2?0 

0.2~0 

I~ CM 

Figure 11. 

11' 
24 
46 

14• 
no 
~-7 
32~ 

369 
377 
397 
~4fJ 

:'91 
39 \ 
JA7 
3.l5 
3~3 
224 
2!'..'? 
11• 

63 
3] 
13 

6 
5 

H 
xx xxx x 
xxxxxxxx-xxx 

SCALE •ACTOR! 10~ XIS lCUAL 1QA RAYS 

xx xx 11xxxxx100< x :< x JC xx x >.xx x·.ooc xx x xx'.< x X'X 
xxxxxxxxxxxxxxxxxxxx1xxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxx xx·o·x.tx xx x :o xx n1 xx xx x xx \(Y.XXX )I xxx x xxx xxxxxxxxx xxx '()(XXXXXXXXX 
xxxxx x XX)(XX xx xx xx xx xxx xxx l(X xx x vv x>: xx xY>" xx xx x:c: xxx'I; XX'corxxx ·1xx xx n:xxxxxxxxxxxxxxxxxx 
XXX'XXtXX~XXYYX~XXX'<Xxxxxx~xxxxxiix~xxx~xxxxxxx~XX)(~'()()(XX~XXXXXl()(XXXXVXXXXXXXXXXXXXXXXXXXXXXX 

xx xx)(,'( xx xx x )()I '(xx xx J( xx xx x )(xx xx x '( x :o: 'IC xx xx x )( x :<xx x '{ x \ x); x '<X '( y )( x )()(xx xx~ xx xx)( xx xx)' x o: x )'xx x )Ix xx :ox xx xx 
xxxxxxxxxxxxxxxxw~xxx~ltxxxxxc~xxxxxxxxxxxxxxx~xxxxxx)xxxxxx~xxxxxxx~xxxxxxxxxxxxxxxxxrxxxxxxxxxxxx 

XX XX XX X XY XX XX X Y X '.M: X): XX XX XX XX XX"': X :o:- '<XX)( XX XX XX XX XX 'I.XX XX Xx'< XX XX XX'< Xx XX XX XX XX XX XX XX XX XX XX Xx 
XXX)tY.'< .('): ... xx xx x YXX x xxxX.O{)t'X xxx x.x x XY xx)( X.X"XX xx :(XX ..:x xx xx)( x )(xx x xx xx'('('()( x :o:x xx xx xxx xxx xx l'XX XXXXX'Jt'. X)(XXXXX 
XX "I '!XX XXY X XX;()';( XX XX X '(XX XX X XXX X Ii'. 'i X ';.AX XX XX XX X XXX '(XX XX XX X '/.XX XX XX XX XX XX XX XX XX X XX XX XX XX XX X XXX XX '1' XX XX X XX XX 
X )(XX XX XX'< X XX XX XY. XX X Y •. X t X XX X XX X '!XX XX XX XX X XXX XX X :<.XX xv XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XY XX 1. X XXX XX XX X 
xxxxxxxxxxxxxx~xx~xxxx~xxxxxx~xxxxxxx~xxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxvxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxx 
xxxx(1.xxxxxxxxxxxAxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x oxxxx x xx xx x xx 
xxxxxxx 
xxx 
x 
x 

1~7l.~00 FT rRo~ THE TARGET 

roR 5000 RAYS 

SCALE ••CTOR1 100·x·s EQUAL 

xxxxxxxxxxxxxxxxxxx 
xxxxxxxxyxxxxxxxxxxxxxxxxxxxxx(xxxxxxxxxxxxxxxxxx 
XX XX JC XX XY'. X 'I.. XX X '!:XX XX XX X XY XX XX XX X Y. XX XX X 'I.. XX XX XX XX X X'i X XX XX X XX X XX XX XX XX XX X 
XX XX XX XX X 1 XX X AX X AX XXX '( <XX XX XX X '\ X"XXX X ":< X Y XX XX X Y XX X "X ¥XX Y n. XX 'IX XX XX XX); XX XX XX XX XX 
xx xx xxxxxx·o:: xx xx·o XXYX }. xxx xxx x ('0'.XXXX n xx xx X)'.X X't xx X'( X) xx y xxx xx XXXXXXX)lXXX'tXX); XXXXXXY iXXXX 
xx xx xx XX'O xxx x:o·x~; ~xx n "'. x xx x I.),~ x xx xxxxx xxxxx xx x XXXXl('()C'( ;()()( xxx xxxxxxxxxxxxxx XXXXX)()() y XXYXXXXXXXXXXXXX 
xx xx xx xx xx xx xx" xx xx x Y x-. xx xx xx x "'xx xv x :xx xx xx xx xx xx-.: xx xx)' xx xx xx xx xx xx xx xx xx xx xx xx xx xx Y "..l( x \( 'l.·x xx xx 
XX XXX XX X ).')(XX 'I. X >'XX Y '.<XX Xv X XXX X >::XX X \( X 'I ){XX XX'X X XX>. XX X '< X XX Y. 'j 'l "It.XX XX XX XX XX XX XX XX XX XX XX XX XX" XX XX X XXX XX X 
xxxxxx "1():'.X xxx 't Xlo' n x )i(X'O<":<XXXXX xx { Y"(XXX\''lc'X xxx ;()()():'. x XYX :.<xx 'I YX). xxx x XXYXX xx xxxxxxxxx XXXXX> 'O)t xxxxxxxxxxxx 
x xx xx xx xx xx xx xx xx xx xx x ::ex xx xx xx" x ·< x :<xx xx xx xx xv x .. x Y x :.: xx xx x Y xx xx xx xx xx xx xx Y xx xx x xxx xx x )( x 
XX XXX )(XX XX X X'I. X 'l X '( X '(XX XX X XX XX X '<XX XX XX XX XX X XA.XX >:XX XX XX X ).'XX XX XX XX XX XX XX XX XX XX XX XX XX 
XXXXX'O: XX X )(XX XX XX XX XX XXX XXXXX XX XX XX XX XX XXX XX XX XX XX XX XX XX Y. X XXX X XX XX XX XX XXXXXX 
xxxxrxxxxxxx'<xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxx 

147a.0a0 rT FROM THE TARG(T 

Beam profiles at the third focus in the horizontal and 
vertical planes respectively. .Two sextupoles are used 
and the momentum is the central design value. 



TH( FOLLO·; I 'C I~ • Ht~TOriRA"1 or 1. ,._h. Ap/p • .'i'I. (11~ 

J•; T(RVAI. 

LESS HU\' .. ~ .2·-'V! 

•E.27~ TO -~.190 
-r.19~ TO -z.1•0 
-~ o\ 60 Tn -0' 170 

-· .i 7: TQ .. ,. .16J 
-ro160 TO -?J .15'1 
-~.15J TO -id .11~ 
•Lt4" M -~.1JJ 
·k.1J0 Tn -~.120 
-f • 12~ TO -i.110 
-~.11~ TO -~.1.rn 

-e · 1··~ fO -t..0~~ 
-r.~90 T' -;:, i 08~ 

-~ .VR0 Tn -0. ~ rn 
-e.2n TJ -~.0~J 
-r.~6~ TO ... ~.C~'2' 
-e·. es"' TO -~ ,fl!-1~ 

-~.~·~ Tn ·0. 0.1Z 
-r.03e 10 """'. 27 ... ~ 
-e. nr TO -~ .ei0 
-~.e1~ T3 -~ t ~.,.., 

""fl .v•'il' TO ~ .eu 
€ .c: 1': TC e, e?.0 
e.02~ IO 0 ,JJJ 
r,.~Je TO 0.e•~ 
0.04?. TO 0.3?a 
~.~Si TO "1l • :J~Z 
e.r~e To ~.21~ 
0.~1~ TO 0. ~i:i~ 
~./80 TO e.~9z 

l'd.9l TO ~.FJ 
r.1,0 TC 0 .11e 
0. tlZ TO ~.12~ 

r.1v Tn ".13? 
r.13~ TO ?. .14~ 
~.14~ Tfl ~ .1 "i0 
~.15a TO Cl! .1~zi 

r.160 T~ ~ .17~ 
2.170 TO z,1q0 
0.18~ TO 0.1n 
e.19~ TO a.2ee 

GREA T[R !HA~ 0.270 

NO t Of" Y I~ CM 

14 
2~ 
29 
5J 
5j 
94 
92 

112 
115 
123 
142 
158 
17• 
183 
19~ 

22~ 
:? ~ ~\ 
;:>p 
2H 
219 
235 
?.ll 
221 
227 
211 
183 
139 
1'44 
16~ 

9.1 
97 
93 
85 
4' 
•7 
3" 
19 
lJ 
14 

-24-
SC•LE r•cTORt 1P0 X•S EQUAL 2J• R4y5 

OX 
xxx )()( 
xxxxo•x 
XXICXXXXX)(XXX 

xxxx>xxxxxxxxxxx~xxxxx 
xxxx~AXXxxxxxx~x•~xxxx 

xxxxxxxxvxxxxxxxx;xx~x~xxxxxxxxxxxxxxxx 

)XXXXXXXXXX)())(XYXXAXXXXXXXXXXx~xxxxxxx 

XXXXXXXXXXXX•)~)(X)X)(X~XXXXXXXX\XY~xxxxxxxxxxxxx 

xxxx,xxxxxxxxxxxx,xxxx~xxxxxxxixxxv~xxxxxxxxxxxx 

TM-374 
2254.000 

xx,xxxxxxxxxx1xxx1xxxxxxxxxxxxx,xxxxxxxxx,xxxxxxxxx 
XXXX>xxxxxxxxx•XXXXX~XAXXXXXXXXXXlXXIXXXXx•xxxxxxxrxxxxxxxx 
xxxxxxxxxxxx~xxxxlxxwx~xxxxxxx~x~xixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxx~xxxxxxxvx1x,xxxixxxxxxxxx~)X)XxixxxxxxtxxxxxxxxAtxxx1txxxxxxxxxxxxx 

xxxxxxxxxxxxxxxx•xXxwx,xxxxxxxvxxyxxxxxxixxxxxxxxxxxxx<xxxxxxxxxxxxxxxxxxxxx 
xxxxx>xx~x~XXX(WYJXX<X~xxxxx>XAXXX~~xxxxxxxxxxxx~Yxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxx 

xxvxyxxxxxx~~>xxxxXX<X~xxxxxxx~xxxxxxxxxxxxxxxx*xxxxxxxYxxx1•x~xxxxx~xxxxxxxxxxxxxxxxxYxxxvxxxx 
xx-xxaxxxx~xxx~xxxxxxxxxxxxxxxxxx~~xixxxxxxxxxixxXJXAXxxxxxxxxxxtxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xx Xl(X x XX}r )( x )( '< X'<X) x xx'(}.~ x XXXX'Cl(X '('0: xx 'I xx xx XXl()').' ~x xx 't xx x ;(Xx x l( x ;c,x '!XX)(' x xxxxxx xx xx x xxxxxxxx YX 
XXXXX~XXXXXXXXXXX~XXXXXXXXXXXYiXX)AXXXXXXXXXXXXXAXXXXXXXXXAXXXXXXXXXXXXXXXAXXXXXXXXXXX~XXXXXXXXXXXXX 
XXYXTXXXxxxxxx~xx\XXXIYXxxxx~~X'.(X)~XAXXXAXXXXX(XXXXXXXAXXXXXXX'IXXXXXXXXXXXYXXX<XXXXXXX))()(XXX 

Xtxxxxxxxxxxx~~xx~XXAAAXxxxxxx~xx)~xxxxx~XX(XXAxvx~xx>xx~xxxxx~xxxxxxxxxxxxxxx~xxxxxxxxx~xxxxXYXXX 

x~XX)Xxx~xxxxxxx~)Xxxxxxxxxxxxx~xx(xxxxxxxxxxxAx~xxx~xxxxx~xxxxxxxxxxxxxxxxxxxxxxxxYxx)xxxxxxxxxx 

xx xx lt 'I KX., xxx xx.,, xx r xx xx x xxx xx xx xxx x:. xx x >.xx xx XA.XX. xx xx xx xx x )'.. x x"(X x x::oxxxxxxxxxxx:.: xxxxxn: xxx xxxxx 
xxxxxxxxx)xxxx~x~)XX<Xxxxxx:.:xx<xxxxxxx~x1xxxxxxxxxxxx.xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx1xxxxxxxx 
xxxxxxxxxxxxxxxxxx~XAX•XXXXXX~X(\)(X)(XXaxxxxxxxxxxx~XXXX!XXXXAXXXXXXXXXXXXXltXXXXXXXXXXXXX 
xx x xx xx X)'.)I y '/'( x xx I. x '( x·<X. \'I.XX xx xx ('(xx x xx xx x tX>. xx x xx xx x '( x ~ n xx xxx xxxxxxxxxxxxxxx 
XXX<X~(XKxxxxxxxx)XX<X(Xxxxx~xvxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxt~XX(XxxxxxX\x~~xx~xAxxxxxxx•~vxxxxxxxxxx~xxxxxxxxxxxxxxxx 

xx;c,xxxxxx,xix,~xxXAXXX1lxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXX)I )() X XX): XXXX'.<X XXXXX)( XXXXXXX X .( ;O'); )(XX XX 
X XX XX ,0, X'iXXi<X)O'.)' XXXXXX 0 XXXXXX XX XX)' XXXXX 
xxxxx~xxxxxxxxxx~xxxx~~xxxxxxx,xxxxxxxx 

xx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxx1xxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxx~ 

xxxxxxxxxxxx.<xx 
xxxxx~.x 

xxxo 
xxxxx 

xx 

THE FOLLO'<l 'IG TS A HISTOGPA" or FOR 5030 ROS 

1°1T(R\'At.. 

LES> TH,A~ -2.4?0 

-?.4Z0 TO -2.390 
-2.J9J TO -2.Jq0 
-2.330 TO -? ,373 
-2.37J TO -2.3'2 
-'? .3~?. T~ -2.3'~ 
-?.J5l TJ -2.34~ 
-2.~.40 M -2.330 
-?.3J0 TO -2.320 
-2.J'e TO -2.31~ 
-2.J1J T? -?.3'0 
·?.JJZ T·l -2.20~ 
-2.29~ T·~ -2,<•?. 
-2.?90 TO -2.21J 
-2. 270 r~ -2.260 
-2. 26i" TO -2.25J 
-t:. ?5i> M -;(. 2412! 
-?.;i•~ TO -2.2Ja 
-2.2JZ T~ -2.22• 
-?.;/2' ff) -2.21J 
-~ .;>Hl T1 -2. 2 "J 
-2. 2•'0I Ti -?.1?0 
-2.190 11 -'2, 1f3~ 
-?.19~ TO -2, l l0 

-2 • 1 70 TO -2.l6J 
-2.160 M _,. t ')\ll 
-2.15J Tn -2 .14e 
-2 .i • e rn -2.1.l~ 
-2 .1.h' TU -2.v0 
-ll.12Z ,, -2.110 
-€.il" T~ -2 .1 "0 
-2. 1 ;J~., TO -2.00~ 

-<.?Q0 M ·2. 2''12 
.. 2. :! '3~1 Tn -2.~rn 
-2.;-1,1 T•l -;;>. 2"'12' 
-2 • .-6~ TO -2.~'0 
-2.~5e TO -2.e•0 
·2.r40 TO -i'. (1,30 
-2.~30 TO -2.~20 
-2. r20 T[) -2.010 
-2.u0 TO -2. 0('0 

GREATER THAN -2.0~0 

NO or X IN CM 

Figure 12. 

1 
7 
7 

17 
3~ 
92 

151 
2\.' 
?54 
331 
356 
394 
394 
<71 
39? 
36<' 
39:-
344 
29? 
?61 
195 

94 
35 
1' 

7 

SCALE FACTOR: 1-~ X•S EauAL 395 RAYS 

xx xx 
XXXX'(XXX 
xxxxxxxxxxxxxxxxxxxxxxx 
xxYxxxxxxxxxxYxxx;xxvxxxxxxxxvxxxxxxxx 
xxxxx>xxxx~x)x~xxxxx~xvxxxxxxx,X'<XXxxxxxxxxxxxxxxxxxx 
XXXXXXXXiXXX)XX)C)J))(XX,Xxxxxxv~vxx~x~xxxxx~xxxxxxY,XXXYXXXXXXXXX 

xxxx~xxx'x~cxx~xxxxxxx~xxxiXAX'<XXX\XXxxxxxxxxxxx~XY<XXKxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx x )I)( 'i xxx xx;( Ix y )( '()' x·o·x l. xx x XXX'C• (xx t YXXXXX xx X'lc "/.XX ·o. :..1.x XY.XX xx x xxxxx XX'(A xxxxxx x~ )( x xxx )( YXXXXY.X 
xxxxxxxxxxxx~Xf'tXVXX~XXXX'lcXX'lcX~Y)()('XXXXXXXXXXXXixxxvxtxxxxxxxxxcxxxXXKXXXXXXXXXAXXXXXXXiXXXXXX~xxxxx· 
xxxxxxxxxxxxxx•XX•XX(~Y:.xxxxxx~x•X))()()XXXXXXXXXXXXXXXXXXXXK~XXxxxxxxxxxxxXXXXXXXXXXXXl1XkXXXXYXXXXX 
xxxxx<xx~xx~xxrxx•xx~xlxxxxxx'<<X'<xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxXXXiXXVXY)(XXXXXX\XJXXXX'(~VXXXXXXAXx~xxxxxxvX)X~xxxxxxxxxxxxxxxxxxxxxxxxxxxxX~KXX~XXXX~XXXXXX 
xxxX"xx .<xx xxx xx y x' '<xx xx~..- x xx xx•'( x'-< xx x;.:; xx xxx xxx x xx xx / xx x xx-.:- x 1xxx xx ~xxxxxxxxxxx xx xx xxx xx x xxxxx 
X )( lt XX X XX Xx XX.< x, "X AX X '(XX XX XXXX ':\ < X XX~ Xx X XX XX Xx XX XX XX~ X XX x X:.: K XX XX XX XXX XXXX XXXXX XX XX XXXXXXX XXXX)(X)IXXXXXX 
)0.XX 0 XXXXXXX X ~ X ;()( XXX X XX'l(XXXX :< x XX X XX'>( X )'XXX'XXX X XX XXXXXX X XXXXX XXXX x XXXXXXXXXXXXXXXXXXXXXX 
XXXYXXXXYX'XXX'XIYXXXXxXKXXXXXXXAXXXXXXXXxxxxxxxxxxxxxx>xxxxxxxxxrxxxxxxxxx 
:OC XX.( XX XX XX'.( XX v XX XX XX XX XX XX XX XX XX X '.( X AX XX X )(XX XX XX XX XX XX XX XX XX XX XX X 
x )( )( xxx xx xx xx xx)( x l( xx x '(xx x xxx xx xx xx x )( x )(xx x )()(xx xx xx x 
xxxxixxxxxxxxx<xxxxxxxx 
XXXIXXXX . 
xx 
x 

1~41,139 f"T fROM THt TARC(T 

and 
are 
the 

Beam·profiles at the ·second fo~us in the vertical 
horizontal planes respectively. Two sextupoles 
used and the momentum is one-half percent above 
central design value. 



TµC r~LLOJ("C l!l A 

t "H~~"AL 

LESS 1'4A~! -~ .2:•a 

-r. 2 ~e •n -a.190 -r., ?? TO -~ t 1.:i~ 
•V .t ~r, r.1 -~.172 
-r. 110 Tn -~. t'>r! 
-r.160 fO -~.15Z 
-r. t 5~ rn -e.1•a 
-r.i •0 T" -~.130 
-r .1.1r '" -1.1n 
-r. 1211 17 .,, 1 !J 
-r. 1 u Vi -0 .1 .. •0 
•LtJ0 Tn ·0.~90 
-e .117?. 11 -0.~~J 
-c.; ae TC. -0.en 
-~. ~· n~ Tn -•.~6~ 
-r. .;·~;! rn -~.0?0 
-r.; 5" Tr• -~.~4~ 
-11., :'4k'. Tr -J.~30 
-v ... J0 ,, -i.e?~ -"•I· 2"1 T ~' -0 .1110 
-r. ~rn ,,, -r.r.:·~ 
... ~ . /' ;~ ~ 1.J a.r-1ei 

f .. ·1.1 Tn "1. ~;;iei 

~I' 2~ T, ~'I. "31l' 
r.13• TO p,04' 
c .;4~ T ~1 vi,05Z 
V.?5~ Tn •• 0~0 
L16e M ~.01r. 
r. ,.,~ rn ~ •" ~rn 
£.;'8~ 11 /,,Z9C 
v ... 9? T<J "'' 1 /!(] 
f,1>0 Tr 3.110 
r. 110 1n r,120 
~.izz TO 11.13~ 
r.130 Jn ~.140 

~ .! 40 TC 0,1'?2 
".t5J M 0 .10~ 
e.160 rn 2,170 
r .1 ?Z TO •·t"0 
".1.9t M ~.1oz 
r.190 TO ~ ,21'21 

GRO r;-R Tr1AN ~.2~0 

NO 3 or 

MISTaCRAµ or 

~ 

r 
• 
? 
f! 

u 
H 

167 
26:· 
3?). 
3;.· ~ 
:C9J 
39r 
417 
377 
396 
3H 
390 
3~B 
289 
260 
15~ 

4? 

XXtXXX 
XXXXXXYXXXXXXXXXXX 
xxxxxxxxxxxxYxxxxxxxxxxxxxxxxxxxxxxxxxx~ 
xxx~x~xXYXx1xxv~x~txAx1xxxx~xxxxxx(x~~xxxxxxx~xxxxxxxxxxxxxxxx 

(1 .. ) 
TM-374 
2254.000 

J(,( 'i X XXXX XX 0. ~'I 'i XX). XX XX~ xx:O XX>. X XXX :,;;.: i( >:;..Xx XX XXX 'IX XX XX XX X XX X XXXXXXXXX XXXXXXXXXX 
XXX)XX~xxxxxxx~x)xxxxx~xxxxxxx~xxx(xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxx~Axxx~xxxx<x~)xxx~~xxxxxxxxx~x~xxxxxxxxxixxxxx~xxxxxxxxyxxxxxxxxxxxxxxxxxxxxxxxxxxYxxxxxxx 
xxxxxxxxx;xxxxxxxY.xxxxxxxxxxxx~xtx~xxxxxx~xxxxxxxxYxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxx 
xxxxx1xxxxxxxxxxxxxxxxxxxxxxx~~~)x<xxxxxxx)xxxxx(xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxx~xxxx~xrX)XYK<xxxxrxxYY~x<rtKYxxxxxxx~xvrxxxxxxrxxxxxrxxx)xxxxxxxxxxxxrxxxxxr>xxx 
xxxxxxxx~xxxx11Yk>X1x~~x~xxxxxxxxx•xxxxxxxxxxx~x~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxx~xxxxxxxxxxxx~x~wxxxxtxxx~ixxxxxxxxxx~xxxYx-xrxxxxxxxxxxX)xxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxx~xxxxxxxx~<xxxxxxxxxxxxx~xxx¥xxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~~xxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxx 

xxx xxxxxx )( xxx xx)( xxxx..cx .(X'(X)CXXXX x xx 11\)(XXXXXXX xxx Xx xx x xx xx n:x '.()( xxxxxxxxx 
xxxxxxxxxxxx~xxxxxvxxxtxrxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxx(xxxx 
ixxxxJxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxx 
x 

(:i.o) 
T~E FOLLO•l•G IS A HISTOGRA" or roR 50~~ RAYS 

l'!Tr.-R•tAL 

LESS f'"'A"J -i.u~ 

-~.2•z TO -0.190 
-~ .t 9~ TO ·2".16~ 
-i;' .191! TO .. z.11~ 
-e .i 1~ In .. 1, 1 16Z 
-~.16J 10 -~'r .15:! 
-r.15~ Tr ·? .14" 
-~.14Z TO -~.132 
-i.13• T~ -•.1n 
-i.iu Tr, -~ .11 ~ 
-; .1 lvJ TO -1.1:·2 
-~'.1lJ ro -iJ,1?Z 
-l· • ~~ q" Ta -~.i·0 

·l.?% TO ... z, ll 121 
-r.~H Tn -i.e<~ 
-e.t60 Ta -". ?~-i 
·?dS~ Tr ... p ,l4~ 

·Z.l4J TO -z ,'l (~ 
-~.oJi TO -ti:. e ~,J 
-IZ'. •t2Z 10 -z, Z!i'J 
-~.~tr. Tn -l" •• ~ z 
-f. -~ ~~) TO ; , 11 rz 

V' .? 10 TO ~.9?~ 

i.7t2J TO ,, • ~ 32 
P'. P3'Z TO ~ • r I\~ 
~.i•z Tn ~. i~'l> 

~" .75~ Tn 2,17'-10 
r,,,6J l'l ,;,,r 121 
e. ~7~ Tn ~. ~ ~~ 

~."e~ TC ~.en 
r.?9~ TO ~ .1 ·~ 
r o1 tiiJ TO 

"' 11 ~ r.11J TO ?1.1 ?21 
c.1n TO ~ .1 se 
" • 1 ~ :~ ro 11, 14 ~ 

• .i 4Z re r .1 ·:7J 
e.150 10 ~ .1 ~l 
0 .1 ~~ TO ~ .1'0 
".17~ TO VI o l -42' 
~ .ie~ TO ~.190 
~.t90 TO ~ .2 ,1J 

GREA T[R THAN ~ .v0 

NO 4 or V I~ CH 

Figure 13. 

1 
15 
23 
4' 
73 
99 

t•o 
14" 
?1• 
219 
26' 
3:3 
~3? 
32< 
3?7 
32> 
.113 
?8? 
295 
2~~ 
?l I 

1 ~· ·' 
171 
15; 
tt.l.i;. 

74 
3e 
22 

7 
J ., 

xx xx 
xxxxxx 
XXX'.OXXXXXX;( 
XKXXX~YXXXXX,XXX'<XXX~ 

xxxxxxxxxxAx-~xxxxxx<x<xxxxxx 
xxxxxxxx~x1xxx~xx)xxxx~xxxxxxxxxxxxxxxxxxxx 
xx xx x). :o:.<x xx.( x:). x ·o xx x xxxxxxxx Y xx o xx xx xx xx xx 
x~x xx xxx '( x xx xx 1 )(':O).. x ,(X x;o:xx xx x '( X:X)I >-')(;('(JC x XXXXlCXXXY:)(X:<XYYXXl('lCXXXx')( 
xxxx,xxxxxxxxXXXX)XXxx~xxxxxxx~x~X)X/.XXXXXXXJX(JXXXX))(WXXXXXXXXXX 

xxxxxxxxxxxxx) <xxxxxxxxxx1xxxxxxxx~xxxxxxxxxxx<xxxxxxxvvxxxxxxxxxxxxxxxxxxxxxxxxi 
xxx:o· ~x xx x 'x > x :.- x :t") x"' t.r "'.Jr. xn:x '(X .<J('t'X <x·oo·xx>. xx: :.:.'.X ~x .o: x x.n: xx xx xxx xx xx xx xx x x>::i:x xx xx xx xx:o·xxx XYXX 
x~xxvvxxvxxxxx~x~~xxxxxxxxxxxx~xrxxxxxxxxxxx)x~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxx xx~ XXY )'IX'( xx x '(xx x '0. >..Y. xxx )(I.'( xx X): x xxx X)(XXX xxx xx'.( x 'I xx x 'IXXXY.X x xxx xxxxx xxxxxxx x xx XX)()( xx x )( xxxn:x·~xxxx 
xxxxxaxXJX'<X¥\Y)(K)XX:~xxxxxxxxx\XX~)XXXXXYXXXYXXXXXXXXX<XXXXXXXXX>.'XXXXXXXXXXXXXXXXXY:XXXXXXXXXXXXXXX 

xxxxxx~xxxixxxx~x>xx(x~YxX~xxxv~xx~xxxxxxx)xxx~xxxxxxxxxvxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxx~xxx~xYxxxxxxxxxxxxxxxxxx)XXXfXXxxxxxxxxx~Yxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxx~ 
KXKrxxxxxx<x~iix<rX~(XXXXXX~XX~XWk~XiXXXXXXXXX(X<XX(XXXXXXXXXX>.'XXXXXXXXXXX)XXXXXXXXXXXX 
xxxxxxxxxxxxxx1x~xxx~xxxxxxxx~~xxxxxxxxxxxxxxxt.xxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxy 
xxrxx Y xxxxxx ,, xx x '( x xx / xx xx xx"< x xx o:x xx xx xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x xxx x .1.'ll. ox xx:.. x xx xx xx xx xxx ox)( xx xxxxxxxxx x:x xxx x XXY)I')( xxx '<Xxxxxxxxxx 
x :o: xx.( 'l(X)''X )(xx )f "x '/.'I I. x.x x xx xx AX:'Y. .~ xn: ~ xxxxxxx xx xx '<XXX '/. xxxxxxx 
xxxx~xxx~xxxxxxx~~1.x~x~xxxx\xx(xxxxxxxxxxxxxxxixxxx 
xxxixxxxxxx(xxxx,xrx<xxxrxxxxixxxrxxxxxx~xxxxx 
XXX•XXXXXXXKXXl.XXXKXXXXXXXXXYXX 
xxxx•xxxxxxxxxxxxxxxxx 
XXXXXXXl(XXX 
xxxox 
xx 

Beam·profiles at the ~hird focus in 
vertical planes respectively. Two 

the horizontal 
sextupoles are used 

percent above the ceritral 

and 

and the momentum is one-half 
design value. 



TM[ rOll.D•ING IS • ~lSIQGRAt• or ro~ ~~•l0 R4Y5 -26- l ~1.r.h -£M'!3f'~ (i.1\ 

2254.000 l"T(R'.'AL 

LESS T~AN -0.2.:0 

-r.?~~ TrJ -~.190 
-r., 9e f o -~ .1•rz 
-e.1R• M -0 .110 
-fl. t 10 T'I -e • l"'Z -r., 60 Tn -0.1'>~ 
-f,\50 M -0.140 
-r.14e 10 -•.130 
•r.1J0 TO -0 .1?0 
-r .i 20 Tn -0 .11 0 
-r.iir T1 -0 .1:•0 
-r.pa Tn -0.~90 
-2.7~0 Tn -~.0'J 
-e.~u0 M -0.r10 
•VdH TO -0.060 
-~ ···~0 TJ -•.w;0 
-r.e;~ To -0.~40 
-r. e40 ,, -a,030 
•V,,'30 11 -~. ;t;:>~ 
-~.:·n 11 -0."1~ 
-r.:·1~ 

,, -V'l. 0"'" 
-v. :·~~1 T~ 0.e1~ 

£ •• "H' ,, 121.~PZ 
f .12e. M 0.~.10 

r. ,.30 In 0,340 
0,,40 TO 0,0'i0 
r· .1;0 TO z. 0'>0 
0 .. ·60 TJ 0 ·"~ i.: 7~ TO 0. ~10 
r .?80 TO 0.0•0 
e .• ~90 TO ~.110 
E'.120 Tn 0.110 
~.11i T~ 0.1n 
~.,n T.1 0.13~ 
r.13i TO :r. t 4~ 
r.14~ TO ?,15~ 

~.15e rn ?.160 
V.t~0 T~ ~.170 
~.j7~ 10 ~.18~ 

~ • 1 ~0 TJ 0.100 
~.192 TO 0.210 

C:REA T£~ THA~ z.210 

NO 1 or Y I~ CM 

J16 

6~ 

84 
Oh 
17 
9~ 

B~ 

11' 
in 
114 
115 
1•6 
112 
13\ 
12\ 
137 
1~9 
12') 
11~ 

125 
1\" 
13:> 
t4o 
133 
133 
13-; 
11li 
123 
117 
137 
125 

9o 
1?.' 
12? 
1~0 

!?? 
95 
8? 
71 
84 
63 

314 

xxxxxxxx•xxxxxxx,,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxx~xxx~xx~~x 
xxxwx l( '()()()(xx)( xx xx xx xx xx)()()()( 
xxxxxx~xxxxxxxxxX)(Xxxix 

xxxxx•xxxxxx>x<xxx<xxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxx 

XXXXX~XXYXXXXXXXXXXXXXXXYXXXXXXX 
xxxxxx'<xxxxxxxxxxxxxxxixxxxxxxxx 
XXXXXXXXY~XXXXXXY~xxxxxxxxxxxxxxx 

'O.XXXX X XXXXXX X'll: XXXXXX XX XXXXX'O('l XX 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxyxxxxxxxxxxxxxxxxxxxxx(xxxxxx 
xx xx xx :('I( xx xx'( x '(xx ... xx x '<'(xx x )I: xx x '(xx x l( xx x 
XXXXXXAXXXXXXXXXXXXXXX(XYXXXXXXXXXXXXXXXXXX 
xxxxxxxx~xxx,xxxxxxxxxxxxxxxxxx,vxixxxxx 

xxxxxx~xxxxx1xxxxxxxxxxxxxxxixYx~xvxxxx 

XX XXX" .(X)'XX X ;t)( XX :t',C()(X X AXXXXXYXXXX)( XX 
xxxxxxxxvx~xxx(xxxxxxxxx~xxxxxvxxxxxxxx 

xxx xx x XXXXXXYXX )( xxxxxxx x·oxxx xx xxx 
XXXXXXXXXXXXXkXYYXXXXX~xyxxxxx~xxxxxxxxxx 

xxxxxxxxxxxxxx,xxxxxxxxxxxxxxxwxvxxxxxxxxxxxxx 
xxxxxx~~vxxx~xxxxx,x~xxxxxxx~xvxxx<xxxxxxx 

xxxxxxxx~xxxxxxxxxxxxx~xxxxxxxxxxx(xxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxwxxxxxxxxxxxxxxtX( 
XXXXXXXXYXXXXXXXX\CXXXXXXXXXXXY~XXXXXX 

xxxxxxxxxxxxxxxyxxxxxxcxxxxxxx~xxxxxx 

xxxxxxxxxxxxxxvxxxixxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxx~xxxx 
xxxxxxxxxxxxxx~xxxxxxxxxxxxxxx 

xxxxxxxxxxxxxx~xxxxxxxAxxxxxxxxxxxxxx 

xxxxixixx~xxxx~xxxxxxxxxxxxxxxxxxxxxx 

xxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxx~xxxxxxkxxxx~xxxxx~xxx 
xxxxxx~xxxxxxxvxxxxxxxxxxxxxxxx 

XXXXXXXXXXXXXX)XXXXXXXXXX 
•~x~~x~x~xvxxxxxx~XXY~ 

XXXXXXXXXXXXYXxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxx,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

TH[ rOLLO~ING IS A Hl~TOGRAM or x roR 5000 RAYS 
(n) 

LESS T~AN 

·4.6~0 T~ 
•4,590 T~ 
-4. 590 1' 
-4. !; 7Z T".l 
·4.~5Z T0 
-4. r; 1h, T' 
-4.540 f.'.) 
-4.530 To 
·4.52~ TO 
·4 .510 T'l 
•4.5~P TO 
•4,4n TJ 
-4 .. 9~ M 
-c.472 T'l 
.. .a.46Q' Ti'.' 
... 4.45~ Tn 
•4.<40 T1 
... 4. 43,1 T":' 
-•. 421! T 'l 
-4.4H'l Tri 

-• • .i~z Ta 
•4. 3~0 T !') 
-4.3~~ T"! 
·4.37e 10 
•4,360 TO 
-4.35Z TO 

NO 

-4.J4r. TJ 
-4. ,i3;! Tn 
•4. 32~ TC 
-4.:H~; T~ 

-4.JJZ Tl'J 
-4.;?90 TO 
·4.2'lZ TO 
-~i.21~ Tl".! 
•4 ,;>6Z TO 
-4.~5? Tn 
•4, ?4Z M 
-4.?.5~ rn 
-4,,,n rn 
-4 • .21" ti) 

2 OF 

Figure 

-4.59a 
-4. 5"21 
•4,5n 
-4.563 
.4,553 -•.5•a 
-4.533 
.4,5n 
-4,51~ 
-4.5~-a 

-• ,4n 
-4.48:l 
-4.473 
-4. 46;! 
-4.453 
.. 4. 44J 
-4,433 
-4. 4:?il 
-4,41~ 

-4.4?~ 

-4.3?3 
-•.3"~ 
-4,372 
-4,363 
.4,353 
-4' 34::'1 
-4.332 
-4.3?~ 
•4,3\~ 

-4. 3"2 
-4.2~2 

•4,2"~ 
-4,273 

-· ,262 
-·. 2'";~ 
-4.2'3 
-4,2-'~ 
-4 .va 
-4.213 
-4,2~QI 

I" CM 

14. 

~ 

0 
~ 

0 
~ 

1 
9 

1l 
19 
52 
92 

164 
244 
263 
33J 
3S'l 
4'! 
378 
377 
360 
375 
397 
327 
239 
26> 
165 

74 
21 
e 
1 
~ 

0 
0 
? 
~ 

xx 
xx 
xx xx 
XXY.XXXXXXXXX 

SCALE FACTOR: 10~ X•S [QUA!. 431 RAYS 

:xx xx x xxxxxxx xxxxxxxx xx 
xxxxxxx,...xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxYXxxxxxxxxxxxxxxxxxxxxxxxx 
XX XX X 'I XX'; XX Xx XX): X >· X '(XX'< v XX XX XX'< XX XX XX XX XX XX X XX XX Y X Y XX)' X XX XXX XX XX 'l.X XX XX 
xxxxxx '(XXX XXXXXXYY xx'( x )( XXY x xxx x .()()(;I xxx xxxxxxxx xx)( XI xx k -:xxxxxxxx'.11'.X xx '(XXlO'XXXXXX xxxxx 
XX XX XX X XX XX)()' XX XX XX XX X) X XX XX XX XX'.( X Y :n XX XX 't X XX XX )(Y X >'(~,)'XX XX XX XX XX XX 'i. X '< XXXX XX'I. XX XX XX Y XX X :t XX 
XXX)(X/ :). XX X XX): XX~ Y ·~XX;{ 1 )('()()(XX XXXXX XX XX X XXXXX\ X AX IX'i Xi X XXXXXX XXXX \'X XXX X XXXXXXX X XXXX X'.:XX X XXXXXXXXXXXX)( 
XX:.< XX X :<XX XX X '<Xx x I.XX X '<XX XX XX XX XX XX X :-. XX XX XX XX Xx XX X :I'. XX XX Xix XX Xx x X Y X > Xx.XX Xi.XX XX XX Xi.XX X.X XX Xx X y Xx 'O'. X 
xx xx xx xx':('.( xxx x~ )''(>':xx xx ... xx xx xxx·~ ,()()(\)(')(xx xxxxxxxxx )()(};xx~ XX'I xxx x XYX xxx x /, x xxxxx xxxxxxx XYXX ':()(XXXXXX 
xxxxxi~xvxxxxxxxxxxxlX~~xxxxxxxtxx~xxxxxxxxxxx(XXX)X))Xxxixxxxxxxxxxrvxxxxxxxxxxxxxxxx~xxxx 

XX tX '(). XXX XX XX XX XX X '/.XX X ~ X"' XX XX XX XX XX XX XX XX). XXXX ~X XX Y XX X XX XX XX XX XX XX X XJ.. X XX XX XX XXX XX Xx)( XX X XXX XX X 
xxxxxxxxxxxxxx~xxxxxxx~xxxxxxxxxxx~xxxxxxxxxxxxxxxYXXk~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x xx xx xx xx xx x xx xx'< xx x xx'( xx xx xx xx xx xx xx xx xXx xx xx xx xxx xx xx xx x xxx xxx xxx x xxx xx x xx xx xx x 
xxxxxxxxxxxxxxxxxx1xxxxxxxxxxxxxxxxxxxxxxxxxxx(xxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxx'(xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxyxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxx 
xxxxx 
x 

1041,139 FT· FROM THE TARGET 

Beam profiles at the second focus in 
horizontal planes res·pectively. Two 
used and the momentum is one percent 
design value. 

the vertical and 
sextupoles are 
above the central 



THC f0LLO•<!NG IS A 

l'lTf~VAL 

LESS THU. -a.2.•~ 

-~.??0 Tn -00.1 oa 
-r.1qr Tn -7, .18.1 
-~ .i ~i Tn -•.170 
-r., rn T~ -?.1~~ 
-r .i 6V. TO -Z,15~ 

-~ ,J 50 TO -~.1·~ 
-~ .141'1 rn -0.1l0 
-r.1.1e T<J -~.123 
-r..i?.0 Tn -~ .1111' 
-v. He T•l ... z .1 :1 l' 
-e .1 >0 r.1 -z. 091~ 
-r. nz rn -~.e~~ 
-r,.~~2 Tn -~.07;'! 

-r. 00 To -~.06J 
-e.~6~ ti -?.~5~ 
•0.750 B -~.i'<2 

-~. "4" Tn -P.. ti!.~ ... 
-~ .1'30 TO -i. ~)1l 
-r .r2c TO _,,. /Jl ;i 

-r.~te rn -?.': J 
.. " .17."'li Jry ?.oi!1i'! 
r.•ll Tn i.~?~ 

r.1n Tn 0. 1'5..'I 
r.d~ Tn 0. ~1.:J 
r.;4Z rn 0.'.·H(i 
r. ;~50 T~ z .r'ia 
~.?'1 ro C1'. :-·1~ 
e. r 1; yo a.•'J 
~d·~z T~ :? • .:"l'3 
e.z9~ T~ 0.1 ·~ 
0.1~3 " 2 .1 1. ~ 

e .11z T' a.P~ 
0 .i 2v. ro 0.1,~ 

r.1w To l'. !,43 
".14 .. ~ ro ;., .1 '-'" 
0., 50 Tn Ill .11:i~ 
~ .11,,a rn ~.11~ 
0.1 rn Tr: e.1n2 
0·1 ~0 Tn ~.10~ 

~.190 Tn 0.2:~ 

CREA TER THA~ a.v~ 

NO J or 

Tt<E FOLLO•!NC IS A 

PIT(~'llL 

LESS THU -z.2il0 

-e.21a rn -a.190 
-e.19e TO -e.1•0 
-r. till- TO -~.11e 
-: .i 1r M -a.H? 
-r.162 T~ -~.15Z 
-<.15Z T1 ... z .14~ 
->.143 T~ -~.130 
-r .i J~ M -0 .1n 
-~.t2Z rn -2.110 
-r.. ue T0 -· .1:·2 
-r.1~~ TO -z.r,?a 
-? .;•90 Tn -r. .C"e: 
-v.cs:,a TO -t.~7~ 
-r. ;7C 1 •l -i". '"6 3 
-~. ,"'5Z Try _,. l ;z 
-v. ~·i;z Tn ·- ~. "14~ 
-r.. ~14i' rry _,,. ~ J~ 
• <. ~ 3C Try -?.V2Z 
-~.720 10 ·~. '1:1 ~ 
-~.::u IQ -z .('l.'l" 
•f. /, 1:0 ro e,ete 
r. 11~ Tn 2.cn1 

r .;•).0 10 e ,c:rn 
e.~30 TO ~.e•e 
0.240 Jry 0.e>0 
r.zse 10 e.e1o0 
r.~~e TO 0,~7Z 

e .nr r,1 ~ .. e :i,., 
r.?.q~ Tn 0.~03 

"'. ???. TO ~.1·~ 
f • 1 .~ il Tn e. lle 
r. ue TC r.12~ 
fl • 1 ?.~1 T1 0, 130 
r.1J0 T •J e, 110 
r .14~ T~ ~. t -S?. 
r.15~ Tn 0.l'l 
r .i 6J Tn a .11:' 
r.110 TO 0.1~~ 
r.1e~ 1~ 0.1Q0 
~.19t TO ~.2,i 

GREA TrR T~A~ 0 .2;H?1 

HISTOGRAM Of 

~ 

~ 

v. 
~ 
11' 
~ 

J 
27 
67 

1~' 
127 
154 
197 
265 
373 
364 
3">9 
3B~ 

367 
3th~ 

365 
343 
304 
266 
213 
151 
112 

76 
34 

5 

• p 
0 

FOR 

-27-
SCALE F"AC10RI 1~~ x•s EQUAL 186 RAYS 

XXHXX 
xxxxx~~xxxxxxxxxx 

xxxxxxxxxxxxxxxx~xxxxxxxxx 

XXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXX 
xxxxxxxxxxx~xxxxvxxxxxxxxxxxxxvxyx~xxxx 

xxxxxxxxxxxxxxvxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxx 
xx xx xx., xx yx xx X :". x :o: x Xx X'(X Y xx xx x n( xx v x-.. xx X). Xx Xx x :<xx xx x n: 'C' xx X xx XX x XXXXX 

Cn) 
TM-374 
2254.000 

xx :I xx x lCO: xx xx x },' x )(xx x l( n: xx)( n: x y xx xx 'CJ()( xx)(")( xx)( xx)( x 'O".O'. x )( :o: xx 'i( x )( x )( x )( x xx xx xxx x xx)( xx xx xx 
xx xx )()I ( x xx xx xx )('JO A IX xx,;. xx)( xx x :<':(xx x >" x xx x )()t :I)(':<: :o: xx x:o x X)i'. xx x )()( x .<. x xx x xx)( xx xx x )():xx xx xx xx xx xx xx x XX)' x 
xxxxxxxxxxxxxxxxxx~xxxxxxxxxxx~x~xxxxxxxxxixxxxxxX~(xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxwxxxxxxxxxxxx 
xxxxxYxxxxxxxxxxxxxxxxxxxx~xxx(~XX)xxxxxxxxxvxxxxxxxxxxxxxxxxxxxYxxxxxxixxxxxxxxxxYYXX~xxxxxxxxxxxxx 
xxxxx '( .o:xxxxxxx :n xxx xx xx x XXXXX\'. '(xx;.'.)(')()()( 'ICX)(X x xx xxx :O' xx X'OI X)( XY xx x:nxxxxxx XXXA XXX'(X)()()()()(XXXX x XXX)('( 
xx xx x )Ix 'J( .'( )" x '(xx xx xx xx xx Y xx xx xx xx xx xx xx xx xx x /. xx xx :it xx :w. xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx x n: xx xx xx 
XX XX XX XX'< XX'( Xi. J. XX XX XX XX X '<XX X )( Y XX XX 'IX XX XX XX)( XX XX XX XX XX XX XX XX XX X )(XX XX XX XX XX XX XX X XX XX)' XX X .XX X )(XX XX 
XX X'X XX'/. X'.t' XX XX XX XX XX XX)( l' XXX X XX XX X '< X): XX XX XXXX XX X .< X XX XX XX XX X XXX XX XX XX XX X XXX XXXXXXXXXXXXXXXX 
xxxxxx~xvxxx~xxxxxxxxx~xxxxxxxxxxx~xxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxvx~xxxxxxxxxxxx-xxxxxxxxxxxxxxxxcxxxxxxxxxxxxxxxxxxxxx 

xx xx x :o .(xx x :o. xx x :<xx xx x )()(xx xx xx xx xx); xx xx xx)( xx xx l( xx xx xx xx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxx 
xxxxxxxx 
x 

1470,000 FT FROM THE TARGET 

H!STOGRA• or 

ll 

24 
31 
43 
6• 
87 
93 
95 

llB 
14. 
14\ 
149 
156 
145 
191 
176 
151 
17~ 

10 
19? 
165 
16R 
171. 
175 
18B 
177 
17~ 
139 
155 
16j 
1n 
1?~ 
12~ 
124 
121 

0'} 

7' 
61o 
4fi 
n 
27 

FOR 

SCAL( FAC!OR: 10i X•S EOUAL 

xxxxxxxxxxxx 
XXXXXXJ(XXXXXXXX)( 
XXXXX X XXY)(XXY X ll'.X ;(XX XX X 
X XXX XX X ~XX XX 'IX o: YX XX XX 'I XXX)()I XXX XX 
xxxxxxxxxxxxxx~YX)AXXXXXXXXXYXXXYXXXXXXXXXXXX 

192 RAYS 

xxxxxxxx~xxxxxvxxxxxxxxxxxxxxxYxxxYxxxxxxxxxYxxx 

xxxxxxxxxxxxxxxxxx1.xxxxxxxxxxtvxxxxxxx¥xXXXXXX(XX 
xxxxxxxxxxxx~xxxxxxxxxxxxxxxxx~xvxxxxxxxxxxxxxxxxxixxxxxxxxxx 

xxxxxxxxxxxxxx,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxcxxx~xAxxxxxxxXXYXxxxxxxxx 

xxxxxxxxxxxxixxxxxxxxxxxxxxxxxxx~x~xxxxxxxxxxxxxx,~xxxxxxxxxxxxxxxxxxxxxx 
xxxx')",. x xx xx X'< x )(XXX xx xx.< xxxxxx xvx'< x 'l..x1 )')' xxx :r: x:xx <x vx X)( xxxxxxxxxxxx-<xxx:o: xxxxxxx 
XXXYXXXXXXXXXXYXXXXXXXJXXYXXXXiY'()'XXYX~X;(X/.XXXXXXXXXXXXX)'X'(XXXxxxxxxxxxxxxxxxxxxx 

XXXXXXXXXXXY'(XYXXXXXXXYXXXXXXX'tX,(XXX'<XXXXXXXXXXXXXXlfXXXXXXXXXXxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxx~xxx~xxxxxxx(xxxxxxxxxxxxxxxxx,x~xxxxxxxxxxxxxxxxxxxxxxxxx,xxxxxxvxxxxxxxxxxxxxxx 
YXX 'i XX XX YX XX XX -1. X'<'-' XX:():~ XX XXX:< X /. O' X /.)(XX) XX X:.'. XXXAX'OX XXX -0.: '.< X XXXXXXXXX XX X X'OXXX)' XXXXXXXXXXXXXX 
xxxxx;.; '( x .o:xxxxx x:xx '<xx x "Xx;< Y xx X'<X'<X xx xn· xxx xx), x ..:xxxx xxx vxvxxxxxxxxx:x xxxxxxx>: XY x 
X 1( XX XX XX XX XX x XX)' n.. XX". Y ;(XX XX XX X .n 'O( XX XX XX XX XX XX <X ':O' XX XX¥'< XX X :t' XX XX XX XX AX XX XX XX XX Xx XX X '(XX XX X 
XXXXX XX X'I' XX X XXXX XXXX ~ 'J: X XXXX XX X'l'X'O: XX XXX XXX X XX X XX'O"XXX X XXX X XXAXXX XXXXXXX XXXX XXY XXXXXXXXYXX XXXXX't)(X 
:t x n:: xx xx xx xx 'Ii x >"O. xx x n. J: .(xx xx>.. x o. xx xx xx xx xx xx xx xx xx xx x .,.. xx x" )(xx xx xx xx xx xx xx xx x;: xx xx xx xx xx xx xx)( xx "Xx xx xx 
XX)C X )' X XX 't X '( X XX X '!. X): XX XX X )'XX X XX)('( XX XI( 'tX XX XX XX XX XX X '\XX XX X X'<'X XX XX X \'.XX XX XX X XXX XX XX XXX XX y.-. X 
xxxxxx l(XXX XX'( xxxxxxx '(Xx xx x XX;<"( ~XXXX)('(X :<xxxxxxxxx '()('i)( 'i,X'i 'II\ xxxxxx xx X)" xx xx)()()( x XX)(X x xxx ~xxx 
XXXXXXXXY)(X~Xl~xxxxxxxxxxxxxxx~xxx~XXVXXXXXX\X/.XXXX'(X)XXXXXXXXvxxxxxxxxxxxxxxxxxxVXYXXXXX 

xxxxxxxxxxXXiXXXXl/.X.r;XXXxXXXlY~xxx~xxxxxxxxxxx,xxxX'(XXxxxxxxxxxxxxxxxxxxxxxxxxxxxxvxxxxxxxx 

XXXXXXXXXYXXXXXXXXXX~X~XXXXX\XXXXXXX<XXXXXXXXXXXXX\XXXXWYYXXXXxxxxxxxxxxxx~xxxxxxxxvxxxxxxxxxxxxx 

xx)')()( xx xx x;. x '(xx)()( x xx xx ·.r; x '( y xx xx x xx)( xx'( xx xx xx xx x ..(xx x )(xx xx i. xx xx;. xx)( xx xx xx xx xx): x }( x xx xx xx xx':( xxx xx 
XX'( XX -<XX XX XX x XX x XX X Y x XX X Y XX'.'< X 'OX XX v XX Xx XX XX '.'O ;t ..< Y. XX Y Xx Xx X Y XX XX XX XX XX XX XX XX XX XX XX XX X X'I' XX)' X 
x xx xx x xxxxx x>. xxxxx xx x xxx Y xx xx·<:.· x <xx xxx\:' x xx xx YX <x ·~ x);· xx /. xx x ~xx xxn: xxx XX}(XX 
XXXXXXXX'<XXX'IXXXXXYXXXX~xxxxxx~wxxxy~xxxxxxxxx~XXXXXYXXXXYXXXXXXXXXXXXXXXX)XXXXX 

xx xx xx xx xx x xxx xx xx xx::.. xxx xx xx.( xi( .(X>: xx-.. xxxxx xx xx xx xx). xxxxx x xxx.xxxxxxxxxxxxxxxxxxxxxxxxx 
XXXX XX 'IX'( XX XX XX X XX'< XX XX XX XX X AX'<'< XX XX X XX X XX XX XX XX X XX XX XX XX XX XX XX XX XX 
xxxxxxxxxxxxxxvxxxxxxxxxxxxxxxxxxxxxxxYxxxxxxxxx'<xxxxxxxxxx~xxxxxx 
X XX XX XX XX XX XX X XX X X'<'X x XX XX XX XX X Y X Y XX ':t XX )I. X XX ::t XX XX XX XX XX XX XX XX)( XX X XX 
xx xx)( xx xx xx xx x :.< x :o '(xx xx xx xx xx xx xx xx x '.O: xx xx xx x )( ~ x" xx xx x :.<xx xx xx xx x 
x xx xx:(;( xx xx Y. '(X xx x )(xx xx xx xx xx xx xx;, xx xx xxx xx xx xx< x xx xx xx)( xx xx xx xx 
xxxxxxxx::txxxxxxxxxxx~x~xxxxxxxxxxxAxxxxxxxxxxxxxxxx 

'O'.XX 'I.XX XX XX XX X XX'( XX XX XX XX)( XX XX 'J.. XX XX XX 
xxx xx xx xx)( xx xx xx xx xx xx xx xx xx xx xx x )( 
xxx~xvxxxxxx~xxxxxxxxxxxx 
XXlt!O:XXXXXX 
xxxxxxxxxx 

xx xx 

NO 4 or Y I~ CM 1470,000 rT rRnH THE TARGET 

Figure 15. Beam.profiles at the ,third focus in the horizontal and 
vertical planes respectively. ·Two sextupoles are used 
and the momentum is one percent above the central design 
value. 



THr i~LLO"l\C I~ A 

l"TER, AL. 

LESS THA~ -~. 2?Z 

-~.2~3 rn -~.190 
-'I • 1 "~~ T~ ... J'l .1~3 
-: • 1 A~ Tn _,, .17J 
.. , .• :. 7~• Tl -~ .16~ 
-.', J 5J T!l -~ .15~ 
_,. 15~ Tf1 ... ;, , 14~ 
•?. 144' TO -~.13~ 
_,.) 3i' TO -;,,12~ 

-1·.i2~ TO .-..110 
-c. )10 M -~ .1 '0 
-r.1'i T~ -?.,01~ 

-~. 19~ rn -ei .0~0 
_, ·~·3~ Tn __ ,. 07lll 

-t' .'}10 TO -0.060 
-;·.-;.·60 TO -V:l, 0~2 
•Vd5~ TQ -". 040 
-1,. -·4:a T~ -.1. 03?. 
-v.n0 10 ... ;, • 3?iJ 
-~ .. ·n T .) -z.010 
•l'.«10 TO -0. 0;·~ 
-•·d•0 TQ ~ .0rn 
~.~10 TJ ~.02~ 
~. ;•20 Try 0,030 
r.nil 1<) 0.0•0 
... t40 T'J 0.05il 
r .:•50 TO a.0,0 
l .~!Hl TQ 0.~7~ 
~.210 To ~.~<l0 

e .:·~0 T•) 0.~9~ 
~_,9~ TQ ,, .1 '0 
r.1~0 TC ~, tte 
f{ .110 10 0.11.4• 
i".12~ TO 0 .13~ 
~ ·130 TO '1 o l4el 
e.l4e T~ ~.150 
"15d To ~ .16~ 

'" 160 TJ ~, 170 
•'.17~ T~ 0.1~2! 
r.i.e0 B 0.190 
•• 190 TO ".2•~0 

CREATER Tl>iAN 0.2i0 

NO 1 or 

T~E rOLLO«t•C IS A 

J•1T(RVAL 

LESS THA•r -~.V0 

-?.2"0 r1 -0.190 
-e.1n T') -0 .1" e 
-« .1 ~a 1 n _,, 170 
•? ol 7i ';') -2.l6J 
-e.160 To -•.l'>l 
-~ .i 5~ TO -~.140 
-r. p~ TO -e.1.rn 
-? .\ 30 TO -i.12e 
-e .i 20 Vi -~.110 
-r.110 ,., ... ~ .1 "-1 
_, .110 f<J -e.090 
., • Z90 T0 -•.0q0 
·t." ae TO -J. 0 7a 
•r.;7~ TO -l.060 
-~· • r'60 TO -~. e-:,i 
-I'. 050 T') -~·. c 10 
-~ .V-4~ M -Ii"• ~~a 
-r . ..Ja TO -~.2?i 
-~ .. 20 TO -'1.~121 
-r • .-1~ TJ -e. 0:·0 
-r .•. ,ii! rn ~. IGl1J 

I' .r· 10 l'J ~. i.P3 
••• ~0 TO 0,0.30 
~. 0'30 TO ~. 0421 
r.~40 TO ~.050 
? .;'5l' rn e.. 06a 
~.: 60 ,., ~~ • 0 7 ~ 
L;IJ T'J ~.zqi 

~.' 3~ T? ~.~9'1 

~.; ?~ TQ 0 .1 ·•0 
~., .10 '" ~.113 
r.110 T'J ~ .1?0 
,, .) 20 'O ~ .i 3a 
~.130 11 0.1·~ 

"., 4'- !1 l.l~0 
(. .15r.' ,., e.16~ 
r .i 6~ re ~ .170 
c. 1 7e 10 ?.13l 

'" 1 BV. Tn e .190 
~. \ Q, TO 0.210 

GREATER Tl'i l\~l e.2?0 

NO 2 Of 

Figure 16. 

"ISfQCQ" or 

• 
6 

12 
Jt 
•1 
8'' 

11A 
l!l't 
222 
237 
230 
24 ,, 
2;1 
291 
292 
2'9 
31'4 
274 
283 
272 
271 
n:i 
233 
l•o 
15• 
123 

86 
51 
16 
1" 

5 
t 
~ 

FOR 

x 
xxx 
xxnxxxxxx 
xxxxxxxxxxxxx 

5033 Rl!S 

SCALE fACTORr 

'll 101. o;xxxxx )( x XXXXX):X x '()(xx xx 

-28-

X'(xxxxxxxxxxxxixxxxxxxxxxxxxxxxxxxxxxx 

304 RAYS 

~· 1h - ~r}P • O (I~} 
TM-374 
2254.000 

xxxxxxxxxxxxxxxx1xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxx;xxxxxxxxxxxxxxx~xxxxxxxxxxxxXxYXXAX~xxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxx•xxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxwxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Xl< X XXXX XX X XX XX ll: X XX~ X ):' :< )( )C XX XXXXX )(~)( 1-;( '/. X XX;.()()( XX.X XX< :o X XXX XX XXX .(,l(y '{XX XXY XXXXXX 
xxxxxxxxxxxxxx•xxxxxrxxxxxxxxxxxxx~xxxxxixxxxxixxxxxx~xxxxxxxxxxwxxxxxxxxxxxxx 

X-<XIXXJXXX~XXXXXXXXXXXXXXXXXZlVXXX(XYX~XXXXXXXXXYXXXYXXXXXXXXXXYXXXXXXXXXXXXXXXXXXXX 

x•xxx~xxxx~xxx~xxvxx~~(XAXXxxx~x~xxxxxAxxxxx•xxx)x>xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xx~xxxxxxxxxxxxxxxxxxxxxxxxyxxxxxxxxxxxxxxxxxxxx~x~xxxxxxxxxxxxx(xxxxxxxxxxxxxx~xxxxxxxxxxxxxxxx 
xxxxxxxxxxxx~xxxxxxxxx~xxxxxxxxxxxxxxxxxxxxx~xxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxkxxxxxxxxxxxxx<xxxxxxxxx-xxx•xixxxxxxxxxxxxxxxxxwx~Xl(XXXxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxx 
xx~xxx•xxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xx v XY" >. ;( x ,('XX xx xx xx-.;x xx x XXXX;O. x :~). )' x xxxxn: 'I xx :ox :<X )(X y )().)I l( x XXXXX'(xXx xx xxxx:o:xxxxx x:cxxxx x X'll:XXXXXX 
r~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx•xxxxxxxAxxxxxxxxx~xxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxx 
XX t)t XX X X'fXXXXX '<X'XX XXXX X XX XXXX 'I( tX XX ..c. X XXX X ):'XXXXX Xx XXX X'XX XXXXXXXXXXXXX )('XXXX X 
xxx~A..c.xxxxxxxx~xxxxxxxxxxxxxxx~x1xxxxxYxxxxxxx..c.xyxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxx(xxxxxxxxxxx<xxxkxxxxxxxxxxxxxxxxxxxxxx 
xxxKxxxxxxxxAx~xxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

x xx >ix K x xx xx xx xx xx xxx xx xx xx x xx xx xxx o;x xx x 
xxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxx>i:xxxxxxxxxxxx 
xxio:x 
xxx 
x 

1027,139 FT fKOH THE TARGET 

HJSTOGR'A"1 OF' 

135 

H 
3\ 
3•' 
39 
Jd 
41 
42 
57 
59 
66 
09 
94 

H~Q 

163 
174 
22? 
?•? 
2-. 
290 
28: 
24' 
?57 
26? 
241 
no 
194 
17' 
1:~~ 

11 '.~ 
13 
74 
59 
69 
53 
34 
32 
2o 
24 
31 
2~ 

17 J 

roR 

SCALE f>CTORr 1~1 X•S (OUAL 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXKXXX 
x)():xxxxxxx 
XXXX)00CXVX 
XXXXXXV,()'.X'.(XX 
XXXll'(XXXXXXX 
xxxxxxxxxxxxx 
xxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxx 
)( .(XXXXX '( tXXX !iXX X' '(XX 

XX '<X '()I'( )('(XXXX XXX XXXXXX 
XX;(X XX X )('ll:XXXXX'O: XXXX X XX 
xxxxxxxxxxxx~xxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxvx<xxxxxvxxxxxvxxxxx 

ta) 

296 RAYS 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxx~XXYXXXXXYX)XXX'.(XXXXXXxxxixxxxxxxxxxxxxxXXXXX>XX)XXXX 

xxxxxv~xxxxxxxxxxxxxxxxxxxxxxxxx(x..c.xxxwxxx•xxxxxxx,xiYxxxxxxxxxxxxxxxxxxxxx 

XXXXXX~XXX~XXXXX'(XXX~xxxxxxxxxxxxxvxxxxxxxxx~Y~XXXY)()XXXXXXXXXXXYXXXXXXXXXXXXXXXX 

xxxxxxxxwxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxXYXx)xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xx~~x~xxxxxxxxxx~xxxixA~vx~xxxxKxxxxxx,xxxxxxxxxxxxvxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

XX X XX)( XX;i XX XX X 'i XX X XX AX XX 'i 'JO.: XX XX)( XX\ XX X J. XX X XXX XX X >.'. X>. XX Y XX)' X XX,( X XX XX XX XX XX XX XX XX XX X )foX X XX X XXXXXX:.' 
)(XX~xxxx~xxxxxxx~~xxxx(xxxxx~xxxxx<xxxxxxxxxxxxxxxxxi)rxvxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxx~xxxx,XXYXXXvxxxxxxxxxxx-xxxxxxxxxcxxxxxx>.xxxxxxxxxxxxxxxxxxxxrxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxjxxxxxxx1xxx(xxxxxxxxxxx~x~xxxxxxxxxxxxxx)xxxxxxxxxxYxxxxxxxxxxxxx 

xxxxxxrxxxxxxxxyxx,(xxxxxxxxxxx~xxxxxxxxx~xxxxxAxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.xxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x~xxx~xxxxxxxx1xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxvx~x~xxxxxxxxxxxxxxxxxxxx 

xxYxxxcxxxxxxx~xxxxxxx<x'<xxxxxxxxxxxx 

xx~xxxxxxxxxxxxxxxxxxxxx 

XXXXXXXXYXXXXXXxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxx~xxxxxxxx 
YXXXX~XX)XXXXXXXX 

XXXXXX1'XXXX 
XXXXXX'<XXX 
XXX)'XXXXX 
~·~;.:~I( xx')( 
lO'.XXXX..CXXX 
xxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx<xxxxxxxxxxxxxxxxxxxxxxx 

1041.139 rT fROM THE TARGET 

Beam _profiles at the ,second focus in the vertical and 
horizontal planes respectively. Four sextupoles are 
used and the momentum is the central design v.alue. 



THf fDLt.P.;t:;G !S • 
l•T[RVAL 

LESS !HA,, -0.210 

-~.2~0 TO .g.100 
-11 .19~ TO -~ .1"'0 
.. ~· • \ B~ TO -3,170 
_, •• 11iiJ ·o -? .1 ... ~ 
.... 1 ~0 '1 -e.1.,0 
-<'. t 51 'J -'1.14~ 
-l .i 40 '~ -•. ue 
-l.1J0 10 -~.1?0 
-r .1211 TO -3.llJ 
-~ .111 M -•.v~ 
-1.1i~ ro -P' i(JQ~ 
-I'. \~?0 TO -;;'I, 0~z 

-~.~~z TO -?, • 070 
-!'.' .r12 TO -~.~;~ 

-~·.:'·'>el TO -~. 0,2! 
.. t' .ns" rn -?, • 043 
-e.~40 TO -i,0H 
-~. c•3Z ro .. 0,t.PZ 
-•.7.n IQ -~. 01?, 
.. p. 'l12' TO -?. ,0"~ 
-e.e.n TO 0.01~ 
v.r.H '~ Cl. 0~0 
r.z2i r:i ~.01~ 
~.C30 TO 0.e•0 
V,?.43 TO 0.05J 
r. 115~~ rn 0.~'0 
r, 1M• T(J 2. ~ 7J 
r.~10 TO 3,0P0 

l i. ll3,, TO 2.~00 
~.?9Z TO 0 .1 '.• 
oo.tn TO i .1rn 
r.113 TO ~.12~ 

r .in TC 0.11~ 
r.t33 TO r.1•~ 
r.140 TO 0.15~ 
r.1se TO 0.1'0 
r.16Z TO 0 .110 
e.110 TO e,1A0 
z.1a0 TO 0.193 
eo1n r~ 0.2~0 

CREATER Ti-IA'I 0.230 

HJ~TrJG•A• OF 

173 

3~ 
3t 
26 
2• 
29 
Jo 
57 
69 
57 
73 
7 J 

111 
13? 
172 
19, 
23H 
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THE f0LLO•!NG IS A HISTOGRAM or FOR 5U2 R4YS 
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147i,2~0 rr rRaM THE TARGET 

Beam profiles at the third focus in the horizontal 
vertical planes respectively. Four sextupoles are 
and the momentum is the central design value. 
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