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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.l’2
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.
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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 guadrupole
doublets. The first focuses from point to parallel, while
the second refocuses the beam to a point. For both doublets
the horizontally defocusing gquad 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 & is the distance from
the focus to the first guadrupoles, s is the distance between
the centers of the quadrupoles, and £, and f., are their

1 2

respective focal lengths, then in a thin lens approximation
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we have:
f1 = 45/(& + s) (1)
f2 = (s(2 + s)

The distances from the focus to the horizontal and vertical
principal planes respectively are:

hx = f + s + f2 (2)

h

y L + s - f2

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 wvariation
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 T]2¢ and T34¢. For this case Brown4
has shown that the matrix element Tj3g is given by:

roo 2
T12¢ = Mxmf s; dz (3)
o
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where MX is the horizontal magnification and s% the slope
of the horizontal sine-like ray. The integral is taken over
the entire distance between foci. The term T34 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

Ti126 = 2(h2 + h3) (4)

T346 2(hl *+ hyg)
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 Tj;j¢ 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, ¢, and d. The sextupoles straddle the doublets
in pairs, sextupoles a and d being as close to the quadrupoles
as possible. The dispersion ray dy 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 T and T .

122 144
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

sextupole are:4

AT122 =M. s "8 (5)
AT = -M s 8§ 2S

144 X XY
AT.. = 2M s 24 S

126 X X X

where Mx is the horizontal magnification, SX and s__ are the

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

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

equal to qu/azpo, where B is the pole tip field, a the half

aperture, and % the length of the sextupole, and g and Py

represent the charge and central momentum of the particles.
Since the sextupoles are both placed in the parallel

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

and opposite we may cancel the contributions to T122 and Tl44'
Letting S = Sb = -Sc we can eliminate the T126 term by setting:
2 =
2stxb S(dxb - dxc) B —T126 (6)

Actual determination of the sextupole strengths was done using

the program TRANSPORT.6’7

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 T the geometric term T now becomes

346’ 324
important. The coupling of a sextupole to these additional

terms is given by:

AT

2
324 —2Mysxsy S (7)

_ 2
AT346 = 2Mysy dXS

where now sy is the vertical sine-like ray and My is the
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 T122'

Tl44' T126’ T346 respectively, and M is a matrix of the coupling
terms. The uncorrected T matrix terms are those which occur when
no sextupoles are included. The element Mll of this matrix, for
example will have the form stia, where S¢a is the magnitude of

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

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

z \
T122/My \
- “Tya4/My
T = T . _/2M_ | (9)
126’ “7x |
"T346”2My |
we may introduce a simpler Matrix M and rewrite equation (8)
as:
MS + T =0 (8a)
where now exhibit M explicitly as:
3 3 3 300N
/ Sxa Sxb Sxc Sxd \
sS__s 2 S...S 2 s. s 2 S_ .S 2
= xa"ya "xb"yb xc yc ~“xd vyd (10)
2 2 2 2
Sxadxa sxbdxb sxcdxc Sxddxd
) /
' 2 2 2 2 !
\\\Syadxa Sybdxb Sycdxc Syddxd !
and label the submatrices as follows:
M., M..U
M = 11 "'12 (10a)
My1 MppU
where the matrix U, given by:
0 l\
U = \ (11)
Lo
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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 Mll = M12'
Now if the matrix M is non-singular a solution will exist.
Roughly, we may say that if the determinant of M is 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 = d = 0 and therefore M = 0. This would

xd
give us det (M) = -det(M

22

12) det (M,,), 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 < be
®ya 7 Syb (12)
Sxd < ch

syd 7 Syc
Examination of the coupling terms shows that sextupoles b and
c will couple most strongly to T122 and T126 while sextupoles
a and 4 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 T144 terms with sextupoles c¢ and d respectively. Examining
the determinants of the submatrices and referring to equations

(12) we find:
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—det(Mlz) = chsxd(sxc syd - syc st) > 0 (13)
2 2 2 2
det (M21) = dxadxb(sxa syb - sya sxb) >0

If we now define the two component vectors Tl and Tz

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

T and Sl and S2 as:

foo § '
{8\1 /S

_ al _ d
S. = Ksbf 5, = KS | (14)
f[ c

'-I

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

sO we arrive at the solution:

s. = -M.. " 1F

L= My (15)

2

1M, s

Sy = My, Mpg5y

2

Now, of course, momentum recombination is not all accomplished

in the second stage and the conditions dXc = 0 and dxd = ( 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:

Mllsl + Mlzs2 =90 (16)

Mjyq8; + My,8, = -1,

We define a new two-component vector X as:

X = M,.S (17)

1171 °
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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s, =M, . Ix (18)
1 11
_ -1
82 = M12 X
Substituting into the second of equations (16) gives:
-1 -1 =
(May1Myp 7 = MyoMyy IX = Ty (19)

Each of the submatrices Mll' M

and, for example, we have:

127 M21, and M22 is factorizable

=
!

11~ 2 21 % (20)

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

equation so that in equation (19) we have:

}dxa _ dxd 0
! Sxa Sxd
-1 -1 _
MarMip 7~ MMy T S a a
xb XC
0 s, s__
xb XcC
Since Syb = Sxet the lower right term is (de - dxc)/sxb’

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 ¢, we see that dx will be negative. Thus

d
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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:

Sextupole Pole Tip Field
S, -3.053 kg
Sy, 7.203 kg
S, -6.829 kg
S3 2.750 kg

V. Higher Order Effects

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. 1In 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

pPlane and accepting a small deterioration in the vertical.
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Figure 1. Doublet focusing point to parallel. The horizontally
defocusing quadrupole is nearer the focus. Principal
Planes -and -sine-like rays are shown in the horizontal
(x) and vertical (y) planes.
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Figure 2. A section of beam line M6 omitting bendina magnets.
Principal planes are shown for each doublet. Sine-
like rays in both planes are also included.
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Figure 3. Second stage of beam line M6. Positions of four

sextupoles a, b, c, and d are shown. The dispersion
ray dx is drawn in.
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€.042 To c.e52 310 XXXNXXXLXXXK LR XXX ALAXN AKX AKX XK XK AR KKLA K AKX AN XK XXX XAXK X
¢.253 10 N L 297 XXX F XX XXXXXAKXXXKXIOOOXK KA XA LXK XXX XXX XA KK A XXX AKX KX
.48 1In *.27?7 284 FXXXNNEXXAA XXX EXKX XXX XXX XXX KKAK AKX XY XK XXX
e.r72 72 FEAT] 121 XXAXKEXXXXXXX XXX X XXX RXXKX XK
P.283 To 2,878 ¢
B.e9% T2 2,178 2
g.172 ¥n r.112 [
2.11¢ ¥n f.1°2 a
r.12¢ Tn 7,132 2
£.132 Tn 2.148 4
€.34¢ 19 2,157 2
2.152 19 2,142 2
F.188 Tn 2.172 e
e.37¢ 10 o132 3
2.:82 T2 2.19¢ -]
2.192 7O 0.2'8 ]
GREATER ThAN 2,270 2

NO 3 CF X 1ty Cx 1470.202 FT FROM THE TARGET

THE FOLLOWING 15 A HISTOGRAM OF Y FOR . 5£30 RAYS (l‘l)
ITERVAL SCALE FACTOR: 1@@ X'S EQUAL 521 RAYS
LESS THAN -2.279 [}
-2.278 TO -2,192 [
-f.192 11 -7.132 b
~2.138 Tn 2,170 ]
“2.177 10 -7,152 [}
~@.168 19 -2,152 a
~2.15¢ 10 -2,140 P
~€.142 Tg  -2,132 2
-£.132 Tn -74122 a
“f.122 Tn ~2.118 ]
“P.112 T2 =2.1'¢ 2
-g.128 10 -2,008 (]
~g.092 15 =2.243 2]
-2.254 1n [
~2.772 19 T4 XXAXXXXXNXXXEX
-rt.253 T 243 XOCOOO0CONNX XK XXX XX XXX X X XXX XXX RXX XX XXX XXX XN XX
-&.058 Tn 354 XXX XXX XXX KGO XA XX XXX XY LY AKX XX XA AKX XXX XKY XA XXX XXX XXX XXX
-@.742 TQ 3G XXXXXOOOK XY OOCX XXX XK XXX XXX XXX XXX XXX XXX XXX
~2.432 To 452 XXUXXXZXXEXKXXXXXCY XK ALY XA RKAXCXAKAAX XN KA X KK AL L LAY XX IXXAEXE XA XKAXXAK XXX XA KKK XX XA XX
~P.p20 19 s21 XXXXXCHANKXXLCLXEAXAXHIXKE A XKLL XX XA T XX LY EKXK A ROKKA XA X XX XXKAK KA XK A KXXKXXXXK AKX XXX K XX KKK
-C.p12 1 469 XEXXXXXONCHXNHAEX XX XXX XNOOHAXK LKA K XXX AKX KKK AKX XKL KARKKE KX KK Y XA KK X AKX
-2.72¢ 15 489 XY ARXXAXXYXAXXKEY XX XHCERKRAKAKCLX KX AKX AR A K ARRK LK AXIK KKK AKX RK KK AXIKARKX KR KK R X ARAK AKX KR XX KKKAA KKK
?.712 Ta 494 XXX XHCEKXIOOOONXEX XXX AX XL AN AN LK LEIX XK XX AR KKK AKX XXX KL A XR LA A XXX EKK XX XK XK KKK KKK KKK K
€.222 19 429 OOOXXXXXOOOONOOCIXXXXXXXXXXKKCKXEXXX XXX XXX XXX XXX XXX KAXAKKAXXKAXX XXX K KKK
¢.732 T2 397 0O0XOOOOXXOEXX XXX K XXX XXX XXXX XXX XXX X EXX ALK XA AE XX XA XXX XXX XXX AKX
2.a4a TO 396 XXNNOXNXXXAXXXIXARKLXLXXXXXXAXXAXKXKKXKANX AKX KK XXX XKAXXA XX RAX XA KKK KKEKNXAXKK
.52 19 a,0s2 234 OOOOOXXXXXXKX XXX XXX XXX KX KAXHK XXX XXK KX
2,062 To e.u72 79 RAXXXXXAXXXXXXX .
7.a70 Th 0.73¢ 4
T.v82 1n 2,032 2
e.z92 T2 2,107 ?
.13 T A.1190 ¢
F.113 10 2,122 a
£.122 T3 72,132 ¢
£.137 19 7,140 2
¢.140 Ta No1oR 3
F.150 Tn 2,142 4
£.160 Y0 3.173 !
f.172 11 2.129 a
F.18% T 7,170 2
€192 11 2,22 2

GREATER ThaX 2,222

ND 4 OF Y 1N CM 1477,84@ FT FROM THE TARGET

Figure 5. Beam profiles at the third focus in the horizontal and
verticdal planes respectively. No sextupoles are included
and the momentum is the central design value.



THE FOLLOM NG

INTER. AL
LESS THA" @202
3,270 TN -3+190
*i1.194 7O -d.l80
-2,184 1D ~dell0
~6,178 10 -delbu
~0.160 10 -84150
~0e154 10 -4.149
~y.140 10 -2e18¢
-3,134 Y0 4,120
=3.124 10 -0.113
“¢.110 10 8100
~J.104 10 R R AL
«d,494 TO  =0.084
-¢ 880 TN 3072
-3 B78 TO  ~d.kbe
~2,868 1D - 698
=0 858 Y0 -¢.9049
-¢.d48 YO ~044d30
~6+B834 TD -d 028
~2,823 10  -2.41¢
=¢.014 1O ~h b
=2,623 10 2.41¢
¢e812 10 6820
¢.024 10 Gande
¢,632 10 ERELY)
Z.248 10 Beo5¢
¢.052 10 LY
2.C63 10 "PL)
w.878 70 B.¢8Y
2,680 10 PITAL)
J.69¢ 10 2.1¢0
¢.102 70 d.112
¢.11e 10 ¥el20
¥.12¢ 10 Veldy
G.332 10 24140
d.14¢ 10 2.1%0
¥.156 10 B.160
v.154 10 2148
2,172 10 4.182
2.18¢ 10 d.199
0.19¢ 10 e.268
GREATER THAN 8.208
Ko 1 0F

THE FOLLOWING [S A HISTOGRAM OF

INTERvAL
LESS THA- -2.4C8
2,422 10 -2.390
2,392 1O -2.3H¢
=2.38¢ 10 -2.378
~2,373 10 -2.36%
2,362 T0 =¢85
2,352 1N ~2,844
2,343 10 2,332
-2,333 10 -2.522
-2.326 TN -2,313
«2.313 TO  -2.4¢p
<2.308 TO -2.292
«2,292 10 -2.282
2,288 TN =2.279¢
=2,278 TO  -2.260
2,260 109 =2.¢%¢
-2.252 10 -2,24%
=2.24¢ 10 2,234
2,230 10 ~2.229
~2,22¢8 10 -2.21%
“2.213 0 -2.20¢
=2.200 0 -2.190
2,192 10 -2.180
-2.182 TO  -2.17¢
2,172 10 -2.160
2,168 TN -2.152
2,158 T0  -2.142
-2.143 10 -2.130
2,132 10 -2.129
=2.122 10 -2.112
2,110 TO  -2.14p
=2.108 10 =2,698
~2.092 TO  ~2.4B2
=2.88¢ TO  -2,878
2,073 TN =2,068
<2,868 TO  -2.¢50
2,850 TO  -2,u49
-2,84Q0 71O “Zed80
2,832 10 -2.02¢
«2,322 10 ~2.410
2,818 TO  -2.942
GREATER Twan =2,922
NO 2 OF X (N cM

Figure 6.

Y IN ¢M

1S A HISTOGRAN OF

1027,.139

1841.13%

no sexls . aplp « 5% (s)

-18= TM=374

SCALE FACTORI 14¢ X'S EQUAL 294 RAYS 2254.000

¥ fOR >didd RAYS

X

X

XXXAX

XRXXXX

XXNXXANXXKX

ANAXNAX XX XXX XXX LXK

XXXXXAXXXAXXY XX RKXXXXXX

AXAXXXARXXARENCX XXX XX XXX LXK N AKX

AXAXXKEXAXXRXAL X XXX KRN RXXX RN K RN XXAXNX

XXXXAXXXKK XX XYXAXNKX XX AXAXKXXKXAXA XXX XX XX XX
XXXXAXKANXXXKAM XXX XXX EAANLXXK KA ANXX XXX AXKRAAXXKX,

XXUXXKXAXXX XXX R XX XXX AKRXXXXXAXXRK XK AKK XXX RRNK AKX

XXYXXXXAXKXXY XX LXKXXX XXX AXAAXK Y KXAKRRKAAXXYXA XXX KRR RN XK

XXX KKKX XX KAXALXX A XAARIXXXEIXRAY Y I XY AXXXXKEXXAXK XX AAXAKX AN KKK K

XEAXAXXXAXXAXX KK KX XN L L XA LXK EEX KT AYRAR XXX KXKRAXX R XX KX X RK R CXXX N XXX N KK AX A KNXAAXYX
EXXUARKAXRAXNIL A X LXK AR X AKX KAXX XXX XK R XX LKLY KRN LAAKX RN LK LX KRN ANR XXX XA AN XX AXXK XXX
XXX NN XXX AXXRAEXKX AL XXX LXK KX LAK XX XL LN RN XKUY K KL AK LA XRXXXKAXYKXXKKXX KA XXX XXX XN K
AXXKXRXXNANXXAXAKKNAAKKXXX XXX KEXX K AL XKL AXXLRE XL R KK KL LXK N KX K AN R A XA XXX XX ALKXAXK K
XXX KAXXXXXNXXX XK KKK XX XX XX XXAXKNR XXX KK LN XKX XKL XX KX KA REXXKXKXXXUXKKR K ENXAXXRY AKX XXX KKK XXAAK XK XX
AXXAXKERHOOXA XX FXXXLEN XX XXX XX AR XLXLN LK KX XL EX XX RN R XXX XXX KX A XX AKX AN K XX KX AR X AN
AXXXAXTXHIXRL XXX KX LK EAXKRLRXK XK RR KN A XA XXX XX KX KX LRAX XX LXK A XK RX KX KXX XXX KX XXX
AXXXRKXXH KXKAXURY XL AR AXXKKX LXK XNAXXAXAKH KA LR A RXKRKK I LR AKX RRAXLANAY KR KX AN KKK AKX AKX
XXXXKAXXEXXXRXXREXHXXE XXX E XXX XY RNX XKLL R AXXAXAKAA KKK AKX KX XXAXKXKY XX XXX XX XX XXX KX
XXXAXXXINXLKLXX AKX AN LK KLXR AR XA ANXXKXKARE XXX AR K AKX XX A XKL K XX XK KRN K KRN AX XXX XK
XXAXLXKLHAXXLXXHHRX XXX XA XXXXKX XK RKOOCX AR XXX I XX XXXX XX XXAX AKX KKK XY XXX XX

XXXXXKEXHAXKX XN KX AXXNAXXN KA AKX XE XXX KXAL AR XXX AXRKAXAXKXX XK KKK
XXXREXXAXKXXY XXX KXY AR LA XX KKK XX AKX X XA X XX KX RN KKK
XXAXYAXXXXLXRT XX AXNAAS X KR IRAXY X XRAXXX XXX XX KX XXX KX
XAXXXXXAXXFXAAXKXLEXXAEXAXAXEXAXXXAAX XXX XXKXN
AXAXRAXXAXAX AT XX AXRAXH XXX RXXR XXX XK A XKL KK N X

XXAXXXXAXXKKXKAX K XKXXXXA XXX KK

AAXXXAXAXXXXAAKLXXX

XXXXXAXXXXXXXXAXN

XEXXXRXXXXNXAX

XXXAXKX

XXXXXX

XX

FT FROM THE TARGET

X FOR S823 RAYS ((’\

SCALE FACTORI 142 X'S EGUAL 243 RAYS
XXX

XX XX

AXXAXXX

XXXXXXXXALANX

XXX XXKXXXXX XX XX

AAAKXAXAXXY AKX XXX XX

XXXAXAARAXXKALKAX AKX XY XX

AXXAXAXAKEXXERXLXAXX X LR X KXXL XXX XXX K

XXXXXXKXXXRXKAXCAXXXA XXX LK KX X XXX KX XK KX

HOOUXX XX AXKXK XX K XXX XXX X ARAAA I XA NLAXANCKAAXXXKANK
XXXXAXKXKXKKXRX XY XXX AXI XXX KX KA AAKAXKRK XK X

XXXXXRKXIXXKK XK KX AAX LXK AKX LKA KK ERTXX XXX KA XK XXX AKX XX KN
XEXKXAXXKKCXOXHAIARKYXKAKXXKKXXAN KA ALK XA XAKXKKKKKA AKX KKK XX XA AT XX
XXXXXXXAXXXXKXKAFXXKAXKXKXXAAXKXXAX AKX KKX KX X KXY KK AKX XK KX KX AKX A KK

OOOOEXXOCX XXX XXX LHEAXAKKEREXXK LA AX XU XH XA KRR LHKK K XK X AN KX AXKL KA AKX XA AKX KX
XXEXKXHAXXXAXLK N EAXK AKX KRN KA XXX KA XXX AKX AA AKX AKEAAXENK KA XKA K RX XXX XX
EAXRKXXAXKXNKXX K XK KK XEAX KX R XXX KRR AN AXKY XK XX RXAKK KA RN XXX KX KX R KX K Y AN KA XK

XXXKKEXKXXAKXXHAX AN AR KK XAXAXT XKKAXKRERLAXAAXAX RN LXK AR KY KAANAK XK AN KA KK XX

XXXXYXXAXXX KL XREKOOOXERTXKXXX T AEX KX XL XXX XA RA XA KXY AXXAX KKK KAKX XXX

XXKKKERRHKKAA XXX KX R XX LAY KAKAXAXX AKX X AKX AKAX KX RAKEKKAAK LXK XXKAKKAXK S KRKAXRXIKXKAXKXAX AKX XK LXK XK
XXXRKAXXXLXXK XK AKX XXX AKX XX XX KX LA XKXX KA X KK AL XKX KX AR XXX KK KY AKX KKK LR XXX K ALKHAX KN XXX F XXX
XXXXXKX KN XKLL R KAXRXXKAXAEKARE XK A KA KK RANAANKAAK RN KK XY XXX KKK KKXALAKK KA AKX K AKX A X RN XK AR KA XXX
XEXKXAXAXXKXLAX KX XX KU X R XXX RAXXMNX XX KRR XXX XXX XX AR K AN KR AR AL XA XKL XKAN A XXX KX XY XXX CAXARX N XN X
XXX AR AKX KINXKX AKX KX A LXK KKK LAXXEX LK RX X KKK K ALK XK KX KA AKAKY KXY XARY XK XK KX XA XXX
XXEXAHXXXXXEXKR XX KAX XXX KKK AR XXX XXX A XXX KKK XK AX AKX XK KA AKX KKXRK K AKX XX KKK AKX XXKA XXX KX
XXXKXAXKHAXKY XX XL AXXX XK XHAKXA XK XKAX KX RKKX KKK XK XK AN KEXY K XXX XXX A AL KAAKKKXKAXK AR N XXX K XX XK KX
XXXXXKXXNLXAKXKKXKXXAX KKK AKX KK XKXAXX KOO AKX KK KKK KHXX KX HAAX KX KX KX KKK XXX KKK A KKK X

XXX XXX XXX F XX A KIOK XXX XXX XKHEXX XX KX XN XXAX X XXX KKK KLY KX XXX X KKK LA KKKAXK

KOOUCEEX XXX XX X0 XXX XXX XX XXX XXX XK A XXX KX KX XXX XX KXY
AXKXKAKAXXKKKAXANKNXEAK AN AN KK AKX KHX XK XKL RKKE XK RN AXXNKL LXK XXX KX KX KK XK
XEXXXAXAXXXKAXKAKIXK AKX LA AKX X XXX XXX KR AXXA KKK AKX XKHK AKX XX
AXXRXAXAXKXKAXKK XXX KFXXKXAXKK KKK KRX XK AKX XKXK KX KKK AKX XK AKX
XRXXXNXHXXKXOXK R XXX XX XLAXXXXKAX XK A XK XK XXX KX KX

AR XURXXXXXXAXXKXKXKLE XXX XXX XXX XX

XXXXXXAAXRXAXKXKAXAXY XXX AKX XK XXKY

EAXXAXXKAXXXXKAXX XXX XXX X AXXXXX

XXXXNXRXXNXRANAXX LAY XXXXXAXXK

XAXXXXXKAXAXXXXKXAXXX

XXAXYXXAXXAXXX

XXX ANXAX

XXXXXX

XXXX

FT FROM THE TARGET

Beam profiles at the second focus in the vertical and
horizontal planes respectively. No sextupoles are
included and the momentum is one-half percent above the

central design value.



THE FOLLOWING 1S & HISTOGRAM OF

INTERVAL

LESS THAw 020
“ye209 1O -0.198
-¢.19¢ 10 -@.180
“¢elB4 TO w74
=2.178 10 L{.160
-#,153 10 ~delBg
=54154 TO ~deldy
“2.140 10 -g.180
=2,130 10 ~2.12¢
~0.12¢ 10 -0.ile
~¢e110 10 -8.1¢4g
~bei?@ TO ~dei%
“d.899 TO  ~deiBo
-2.080 10 -A.679
~4,87¢ TO  -@.86¢
cgaBb4 10 LY D]
“2, 958 10 2,044
-L 842 TO -6 032
~¢.330 10 ~3482¢
G, 820 10 =0.0l4
0,410 TO -g.d82
~.4fg 10 Bevlid
©0.019 [0 dev20
c.222 10 2.032
2,039 10 LY
&.0848 10 B,u>0
2,252 10 B.062
¢.068 10 Leb70
¢ 872 10 2e0Bo
v.698 10 0.699
6.8928 10 21y
20108 10 0,119
2,11 10 B.12¢
4129 10 deldd
£.132 10 Yl
w145 10 €elu
€158 10 Belbo
d.160 10 Bel174
¢.17¢ TO 2,186
©.18¢ 10 24190
€.19¢ 10 ‘B.232
GREATER THAN 2,209
NG 3 OF X [N CMm

1474.4692

THE FOLLOWING IS A HISTNGRAM OF

INTERvVAL

LESS THA™

~¢.272 10
~8.,192 10
«2.182 T3
34174 10
=’ 152 TO
=2.15¢ 10
“Z.144 10
*¢4132 10
~£.1208 10
-d.11C 1O
~de31C0J 1O
-J.893 10
-0.,282 10
-i.B7¢ 10

CREATER THAN

KO 4 OF

Figure 7.

A

~8.20¢

-3.190
-3+184
~d4170
~delbd
~3.1%2
~deldy
-0e189
-2e12¢
~dells
-0e163
-8.4%0
~2.888
“B678
~deidbd
PR
~uridd
-deu3s
~deddd
~R.210
EEEL]
4,33y
Yiw2
Be3d
PEYLT
249450
L1160
6.872
B8y
2099
Baily
Pe11y
¢.120
0,132
de144
Beldy
¥elby
8.17¢
Vel82
B.19¢
g.200

2200

IN ¢n

wusssmRNe &

1470,202

(1)
-19- TM-374
SCALE PACTURE 143 X'S EQUAL 1y/ RAYS 2254 . 000

AKXKYIXRAXXXXRAYXXNK S AXRXXLAK XX LK XK AKX K

X FOR oty HAYS

XXXNKAXXAXXXKXX AKX XXX XK

YXAXXXXREAN KXY XA XX XXAXNN XK

XAXXAXERK AN LAY KXXXXX XX UL XAXY XXX A

XXXANKXREXEXE XX KXY XXX XXXKX X XA XX

RN AXXXXXRML XK UAXARRY XRXXAXKXAXKXAXXAXAKKX X UK

XXX XRXAXXAXNXX XA XX XX XKL XAXAR XX XXX
XXAXXXXXRXUKS XX XXRLXY XXX LKA LXK AKX XXX AKX AXRK

XAXKXXXXXAXKY KA RXRYXKRAXTELAXRXANAXX XXX UK K ANRK X XXX XK XXX

XXXAXXHAXKN XX XXX XXX LXK AKX KLXRNRAAX XXX LA XXX XA XL AAXLXKXRRX AR Y K

AXXEKRXRXAKXX XL XX LLLARKXALXEAY XL RELIANKXHX XXX XL AXX LAY XX XX

EXXXXRAXAXAXLRX XXX KX XKLL KRR XK R KLN KA AXRX AKX RX LKA AA XXX XXX KX KA XN

XXXRKXXRKXKIXY XXXXXXXKIAXXAXLX R AKX XXAXK XX KKK KX XKEXANAXAXXXXKXXXX XY

AXKXXXXXA XXX XXX KLAXXT XAXLLLXXAXXH XXX XXX XXX X XX K EXLXLXXR XXX AXKRXAXAY XXX XK KX

XXX XXX RO X KX XX XXX KK XOXCA XXX XX XXX XX XK XY XX Y XXX XXX XXX R XX XY XN XXX KA NNK N
XXXKXZXXXXY XY XXX XS RN AU XXX BT XXX IRV XX AR KSR AKX AXXX KX KX KXY AN AKX XXX
KXXANARUXXXNLLXN X XXXXEXUXT XN XXX AN XX XXX AN AAXXKARA AKX LXX XX AXX Y X ANKK XXX XN NX
NEERARXXXXNAX A AXXE KKK KLY RAX KRR AR XX ALAXRXXXAXK XX R A RN KX KK XXX XA KV KXY XA X XXX KXXX
XHOXRXAXAXA KL XA K XXX XA XXX XX LKA XK KX KX XXX XXX T KX LXXK T LN XXX AXKXXY Ry XXX XXX R XXX KK XK XAK
XXARKKKAXXXKY KXXAXKLEAT LXK LAKKLAARXKX XX XXX XA N LKL KA XXX YEH KKK AN A RA XXX A XXX XXX XXX
XXXXXXXKXEXEHKXXKXXXHAXKALXXLXXXAKAAX LXK XKL ERH KA R XN XX AKAXK AN AXNX A KA X ARKX XX XXX XXX XXX KN XN
XXXXXAXRYAXRXKX A XN X AXXXXRAXLXAXAXKEX KK XHAN XX IX XX RXRX XA A XXX KKK LXK XXX K AHERXEA XXX XA XA XXX XX KXX
XXX AXXXXXKEX AL XXX LXK XRANKXKEXH AKX KA KK XXX A RN R CAHX I XXX MAX LXK XXX LKA XN AN XXX K AKX
XARAXXX KA XX KA X LAXA XX XAXXN X XAXAX XX LKA XX KA AXRNAXKKX XK AR XX XXX XXX AR XK AXNNKXX

XXXEXXXXXXK KKK A ARKX K XKXH KX XK XKL AKX ALK K XXX AXE XA XXX K AX XXX XXX XA XS XX

XXXXXXXXXHAXT XXAAXRAKKAXAFN XKL ALK LLRXXAA XKL RAXEXE AR KX R K KX KX XXX KK X

XXKAXXXXERUOCERX AN AN L XXA R XXX YLLK XNXH RN AKX X LXK KX XXX KX KA XXX KX

XXXXXXXXX XX AL XXEXLA X XXX KK LCHARNKXKLLY XX RAAX LXK LK XXX RKE XXX XA K LR RN AKX XA KKK
XRXXAXNRXAXAXAXLAXTALARK XXX R LN RHAXRKXA XK XXX A ALK LK KKAXN AKX XX AN XK KN K

XXLHXXXXXKKAX AN LXK L ARKXXRARFE XX AXALAXAAKX XA KAKRKAARKERR XXX XX KR XX K XKX KX X XA X

XXXXRUXXXKX XY XXX AXKERXXXKXAY XX XN XXX AKX RKXX RN AKX XRARX XY XXX KX XAXAK XXX X

AXXAKXXKXNANKUXX XXX X AR XXX KAXAXXY XXX A XX KKK XAKAKKKKXHAR XXX X KX X

XXXXAEXRKAXKY XX A X AN X KAXXAAXA XXX AKX XX KRN XK AXAX XXX RRXARX

XXX AAXXAXKNAXK LK EXRLAKX XXX XIRK AN LKA A RK RN X XK AKX K KX XXX

AXXKEXAREXH KXY XAA XXX CXAXXAX XN XXX XAXXE XN KX ALAX X XA
XXXRAXKAXXXRH XX XXX XX A XXX XXX LXK XXX XNXN XX XXX
XXXXXRXKXKX KN AXLXXX XX CXXXAXN XX AAXNXKXKRX AKX XK

XXXXUXXXKEAKXXXLX XXX XKXRAKXX AKX

AXXXKXXAAXXXAXNXLLX

XXXKXXAAKLXRKAY RN LAKXXX XXX

ARNXXAXRXX XXX AXX

XXXKXXEXXXXXXAXXAXXXXX XXX KKK RX XX

FT FROM TWE TARGETY

¥ FOR ©  50CA RAYS (7)

SCALE FACTOR: 107 X'S EQUAL 394 RAYS

XXX

AXXXAXXNK

AXXXXXXKRAKNXKRXAKNNX

EXXAXXX XY XN AXKXKN XX R XX

NXAXXXAXXX KK KA KXK XK XXX XXX X XXX A A XXX XXX A XXKX

XXXXAXXEXXXXAXN XXX XL XXX AXLAAXKXX XXX AKX A AKX

EAXKXXXXAXXXAXAX R XX RN LR XLRRXLAA XN XX XK KK HAX XL KA KX XAX KRN

XXXXXAXKXRXXRA AN KL XEXAACE KRN KEKY KXXAKKXY ANKXRX XX KA XK AN KA KN AXKX

XXXAXXN AXXAX XKL KA XXX KAXK XY XA LXK KR XAX AKX KX LK LXKAR XA RN LAY XXX XXX XHX

XXX ANXKXAXAXKAX AN XX AX XX AKX X RN AL XRXXKKARNKX Y KR XXX XKLL AKX XA X A AR XA KXKNY XA XXR XXX A ARL XXX XX XXX AAKA KK
XXAAX KK AAXXXY XXX AXX YKL KXX XXX XL XX KX XXX XXX XXX KKK XXX X LXK XXX KR KKK KX KU XA K XXX XX LKA XX XX KA XXX
XXXXIXAXXERXNXAAXKXRY XX XXX ALK RLLANXRKX XX L KAXT XX KX R XX KX KLY AX XXX XXX KX XK AKX XX KA XXX XX XX A
XXYXXXXXXRXXXRX A XXX KA XAXXLLX KKK LARLXXXX XXX AN KX LXK XX KA AXXIXXXA AR XX KEKA XX KK KKK XA Y XK XK AKX KKK XX
RAXXXAAXNKAXY X ANKXXNRX A AN AKX R AN ANRXKE XX AXRX R XXX AAAK R XX KRR AN AN XY KX XX XX XXX RN KA XA XXX KX
XXXXXKKAH AKX LXK KKK XY XXORAAX XX CKEREAK XXX XAXLARXKLARXKXKY AAXKAXXX KKK KN XXX N XXX KKK KX AN KKK X
AEXXXXX XX XXX XXX XXXAXXXN ALK X LN AL RRX KX LXHAX XXX AAXX RN KX XXX L XN XX KX

XXX XOOCXAAXKEXH XL XLRIKAKLLXXEXKKLAXKLX XK KXEAX R XXX XX LN XXX KXX

XXXXAXXXN AKX XAXXX XXX AKX XKLL A KAXX KX XXX XXX R XXX KXKAKX

AXXANXXXAX LY XX XEXAX XXX XKAXXAX XL LN XXX KK X AXAXXUX

XAXAXKI KX RAAX XXX AXKXT XX XAXKXX AR XXX KK XXX AN

AXXXXXAXXXF AT XX XAARXXXXXXX

XXXUXAXKXXXXAXRXXAX

XXXXXXX

XKXX

FT FROM THE TARGET

Beam profiles at the third focus in the horizontal and

vertical planes respectively. No sextupoles are included
and the momentum is one-half percent above the central
design value.



THE FOLLOSI'6 1S & WISTOGRA~ OF Y FOR 5878 RAYS

LESS THan

-2.,22¢
P10
-F.180
.72
=€, 5P
~?,150
2,147
~7.130
-g.122
2.1
“F.1R2
~FL.r3
“v.08¢
“P.r70
~F.742
“Bav 3
-g.042
“e.rie
-p.r28
-7.212
.20
g.o12
C.r22
e.r32
e.r4@
@52
P.Ps?
P72
£.037
P
e.172
g.118
2.122
7.132
¢.142
P.152
2164
£.172
e.192
2.192

GREATER THAN

ND 1 OF

[.IIERUAL
-*.277
™ -2.192
mn -7,189
T -@¢.170
T -P.1h0
™ “P.15p
T -2.140
Tl ~f.140
T3 ~A.128
TA -A.110
™M 2109
Ta “A.P97
1 =2.4A3
4 -2.770
0 “R.460
rm LT
™ 2009
™ -F, 759
™ “F A7
T -3.M9
™ -2,277
T 2,210
To R.72A
™ [ XA
T .84
L] 2,252
Tn CIYLY ]
\ D] r.072
™ 2R
T3 2.69%
1 2,102
M 2.112
10 7122
T #.132
L$] 7.142
m #1532
m Fp L2
™ 3,172
70 7,182
™ #.190
b B.2"°0
2.270
Y 1t O

o sexds . Oplp + 1%

-2()= TM=374

(a)

SCALE FACTOR; 22 XS EouaL 188 RaY§ 2254 . 000

82 XXOOONY XXX XACHN A ALY CONCX AKX I LA AKX XXX

47 XAXAUN XN XXA KN XK AX AN XA XK

14 ANXRAXXXXAXXXANNANAXAK LA XX

63 XXXOOOOEEX XXX XY X YOO KX XK

77 XXXXKLXXYXHXE XX AN AAXKK AKX AR Y XX XXX

LL AXXXXFXXXXRKXXS XXX L KLXKAXXAHY X AAAS XLANKXKXKKK AKX X XK

Ak XXXXKEXAXHKRXKAXAAKHK A AN KRXKXRIXKKE XA AKX AX KK

81 XXXAXY XAXKAHAKCRXXXXNAKXAEXNX XX XA K NXK AKX
115 XXX KX KOO K EAAA XXX XX XKXXXN EXXAXXAARXK KKK AN KN KKK X

116 XXMKEAXKXE XN XAAN KKK AKX H KA XXF LXK XX WHHUKXXKNK AKX Y LAA KKK X

122 AXARKAKNALAXAAA XYL XKARLX XA ALK LKA R AKX A XA XK R XXX NN XX XNK X

114 XXX ARXXXICAAY XN XX KXEE XXX XXX KXY XA AAK XXX KA KN R X XXX
15% XXX XXAXKXH XXX LN EXXAXXS XXXLXLLXII XXX XA XAXAXLIOOEXXXX KOO XXX XXX XXX XX K KX
152 XXX XAKXXXKKF KX KXAXKH XK KLY HXHL XK KX HOOOOOKX KT K OOXOXRL XXX XXX AKX XX XK XK
134 XXXARXXXNE XXX XX KHALX AN AR XALK XK ALK XXX KOO ALK XN LY XL XAXKAXN AKX XK XA
177 XXXUALF AN LAXXANXXLXXAKKXXY XX K LXK EAXKKRIAXX KX AKX XX XXX XLXKY XXX XK XX K KKK KX XXX
152 XXXAX XA KX LAKR A XXX LXK XXX AR X AN KX XX A XXX XA XXX XX XX N K

150 AXRAXHXXYHXX XXX AXKK LK CORIOOOCOCXXXLXAXK ALK LXK XOCOCLR XXX X XXX LY AN LA XK X

154 XXXXAN XN XXX XOOOCOEXTOUXXCX XX XX XXX XX XXX X KOOI XXX XXX X XXX XK XK

167 XXXXALR XCAXKARYHHKKK LN XXX A RKEXKAK XK XXX AKX XU X LXK XK XXX XXX XXX XX LAXNX XXX KXY
164 HXRAOOOENKHX XXX HOXXOH OO K XX KX X KOO XX KL KX XXX KA XXAE XXX XKXXKN K XK X KX

188 XXXXXX(XXXXXXXYXYXKXiXXXxXXXXXYXXXXXYKXXYXXXYXZXXXYXKXYKyXXXKXXXKXXXXXXXXXXXXX!XXXXYXXYXXXXXXXXXXXXX

144 OO AHYXXX KX LXLXEXAXEKXAXX KK LKA KA KX KT XX XK I XXX XY XXX XN AKX A AKX X
172 xXYxxxvaxXxxxVxVXYXxxwxvxxxxxxvxiﬁknxVxXxXxxxXxwx;xxxxxy!XXXxxxXXXxtXxxXXxXXXXXxXXXXXXXXXX

iA7 XXXXXXAEXKXKK ALK CARK KX A AKX XXCXAXKXKXAKAKA KX AX XK AKX AKX KA K Y XKXEX XXX A XA XA LXXNXXKANLXN AKX XK KKK K

168 XXX XXX XL KXXXAK KKK EXHKX XX HAKKAR XX XXX X LA XXX LXK LKA AKX KKK AXKK XA XN AKK X
151 XXXXXXKXKEXR LK ANLHAK KX AXXAXXKX XXX AOH XA XK A XXX AN LN KXY E AN KAL XN XA XK XX
157 XXXAXXKXY X EXANLXXKAK AN KX KRN A KXY OO KNI XA XXX XXX EHAEXA KA XK KKK KA X
157 XXX ARAXXKX XA XEREXYXXKRX YL XA XX RAXT XL AT XX KAX NN RAXRKACL AKX X KKK KN K
147 HXXAXAXY KX N AL AN XXX KOROOOCOONCY XX AX XY KOO ALY AR XXX KA KKK AL AKX X
144 XXOOOCOENX XXX XX LXK XXX EEE KA XXXX XK AKX XXX ANHRYKA AKX XXX KA XKL KK

131 XXX XAXXKXXAX ALK ANX XY XX XL XL XL AN KX AXLK AN AKX AN XK AKX KX

114 KXUXXXXUEX XA T XL LI AKX KXXK XA AXLXX AKX KN XXX
1@y XXXXAA XA AN AOCOOALXXYNNOXEXAKNARAX XXX XXXN XXX

ay XUXHAXNKEXRN LK AN XX LKLY XX XN ML LY XX RAR XXX XX

g2 XXX XYY XXX L OOOOXLANALLAXXKANANXXAXX

74 XXXXXXAXAXXXXXKXAXKXAX KX AIAAXKY AN XK X

LK XXXXEXAXXKIXX AN XX LKXXAREKXKXNAX X KXK KKK X

66 XXAXAXCXAXKRAXEXAX XXX XXX K XXKKAX

34 AXXXXAXXXXKKXXXAXX

43 RAXAAXXXRXAAXAXX R XXX AKX

123 KXXXXXKAALXXXKK XXX XAXKXXXKAKXK ALK KXXXX XK X KKK A UK KX

1227.139 FY FROM THE TARGEY

THE FOLLOMING IS A MISTOGRA OF X FOR 5203 RAYS

LESS THAN

-4,67¢
-4,592
~4.53¢
-4.57¢
-4.552
~8,55%
~-4,542
-4,532
-4,52¢
-4,810
-2 ,%20
-4,492
~4.4A8
-4,470
-4 ,8h2
-4,432
-4,447
4,437
4,420
-4,a1¢
4,829
-4,302
-4,398
4,272
~4,262
4,252
-4,342
-4.332
-4,32¢
-4,310
-4,32¢
~4.2%¢
-4,78¢
6,772
~4,262
4,250
-4,24Q
~4,230
~4,228
4,210

GREATER THan

INTERYAL
-4.622
To -4.592
™ -4,58)
T0 «4,579
T2 ~4,583
T -4,553
TN -4,547
T1 -4,532
™ -4.522
17 -4.518
" -4,57¢
n -4,4983
1o -4,.4°2
0 -4.472
™ -4,4862
T1 =-4,453
TN -4,442
™ -4,432
L] ~4.422
11 ~4,417
T -4,4u7
T -4.392
TN -4,182
0. -4,37¢
Ih ~a4,352
mn -4.352
T ~4,342
n -4,332
™ ~4.322
To -4,310
10 -4,372
T -4.292
T -4,282
™o -4,277
Tn -4,2h7
T2 4,259
10 -4.,242
T0 -4.230
Tn ~4.222
™ -4,210
10 -4.292
~4,200
X IN CM

NO 2 OF

Figure 8.

SCALE FACTOR: 147 X'S EQUAL 766 RAYS
351 AXMXARAXKKAAAXXXKXKAXN AKX XKL KX XXXXRN KX

77 XAAXXXAXNX

73 AAXXXXKXY

4R XXAN XX KX

77 XXXXXXAXXX

45 XXXXXXXXKXX

77 XXAXX LXK AN

913 KXOOXX A XX XXX

99 XXEXAXXXANXX

99 XXKXXAXXXX KX

A7 XXX AN ANV YY

89 AXXUYNA XX XY

9 XOCXXAXXX YK

95 XXXXXXXXXXXX
182 XXXXXXLXXXXXX
87 XXXAAXX XA LY

111 XXXNAAXXYXXXAX
128 XXXXXATXAKXXKX
2 YYXX XX (XYY
121 XXXXAKAX Y XXXN
7 EXXAXXLNXXXK
114 XXAXXXNAXXX XXX X
118 XXX XXX XXX X
116 XXAXAAXXXAXXNXX
172 AAAXRRAXAXAXA
114 XAXKXXLXYXAXXX
124 XXXAXXANXYXAXANXX
132 XEXXXALXXXY XX XX XXX
1727 XXXXAXAXLXXXYX
129 XAXKLAX K X XXX
143 XXXAXXXXY X XXX
114 XXXXXXAK Y XXX XX
123 XXXXXXK XXX XXX
9n XXNANN XX ¥ XX

99 XXX XXX Y XXX

96 XANAXXXXYXNX

8s XXNUARXXANX

77 XXXX XXX XXX

171 XXX XA AU KAXX
96 XXXX XX XX XXX

89 AXXXXXAX X

7686 XAXOOUOCOOCEE RO XK XXRKEIXE X AKX KX KKK RAX KR XX EX KRR KR AL AKX KR K KRR KKK KKK AR KK XXX AN KKK

1241.139 FT FROM THE TARGET : .

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.



THE FOLLOWING 1S A HISTOGRA- OF X FOR 5040 RAYS

LESS THAr

-eg.z22e
~F.19¢
-¢.182
“?.172
R, 162
“7.152
“p 147
-¢.132
“¢.,120
=0.110
-7.12Q
0.7 9%
~¢.7R0
-e.07¢
P OAP
~f.092
-r.242
-2.23%
-2.p20
-2.219
-, 270
e,z
£.222
e.732
¢.742
.50
e.260
e.27e
?.7A¢
¢.790
P.172
¢.110
?.928
7.132
7. 14¢
C.152
P.167
P.e72
7.1900
f.192

GREATER THAN

1NTERY AL

i ~P.2¢9
™ ~2,190
™ -a,182
™m -#.178
™ LT Sl
19 -p.152
™ -1.142
™M -7.130
™ -p.177
11 -72.112
T -A.170
m ~0.B%0
™ -3,012
m -2,R172
10 -“#.C00@
m -n.E52
™ -p.E40
T -% 232
TA -,020
™ -p,10
L] -p.2"d
™" a.31@
T p.022
™ g2
T 2,240
™ #.259
mn 2,060
™ 2,872
10 2.0°2
10 n.r0
™ 2,172
™ f.112
T0 2,172
TN 2,132
10 2.142
T 7.152
TC 2.164
T 2.172
T 2,182
10 2.192
10 2.2°2

NO 3 OF

(n)
-21- - TM-374
SCALE FACYOR: 1pm x5 €3UAL 31732 Ray$§ 2254 . 000
1032 AOONOCONNONOOCXOCOOOOOCEEEX KR XKXXXXA KX XKAX K CKE XK AR XK RX KK KRR RXARR R KA R KRR XA XXX KRR XA AN A XXX XA A

73 xXAXXNX
64 XXAXAX

67 XEXXAX

86  XXXAAXXX
73 XXXAKARX
TA XXXXUAKRX
78 XXUXLXX
8 XXAXKKAX
8% XANYXAXX
aa XXXXXKHX
93 XXXXXXXXX
I XAXAAXXAYX
182 WRAXXXXXYX
94 XXXXAKRAX
75 XXXXXXX
171 XXXX N XXX
81 XXRXXAX
85 AXXAXXAX
99 XY KXY
ga YAXXUXARX
a- YXAXXXX
a8 XXXXKKXX
7Aoo XXAXXKX
8" XXXXAKX
73 XXXAXXX
63 XXXXXX

95 XXXXXAXXK
91 XXXXK AKX
81 XXXXX KX
87 XXXXXXX
a0 XXXXXAX
.33 XX XAXK

an 13243731
59 XX XX

78 XXXAYAX
59 ANAXX

93 XAOXXAAXXY
75 XXXXAXX
&n XXAXXX

74 XXAXKUXK

726 XXXXXXXXAXKKXXEREXXARXLKLXAK ALK RXANXAKKKK AKX AXKAKKANXXKKAKXK AKX AKX

X Iv CH 1472,222 FT FROM THE TARGET

(12)

THE FOLLOWING IS5 A HISTOGRAM OF Y FOR 58708 RAYS

LESS THAnM

-¢.29¢2
-2,132
-F.180
-g.170
~C.167
-2.15&
-f.140
~P.132
-Pe12%
=T.112
gLy
~7.292
“2.0B2
“F.272
~e.ren
~2.252
=2.042
-€.230
~2.r22
“C.r10
P57
g.¢12
.20
c.r30
Cocan
2,052
60
.08
Q.08¢
e.r92
.10
2.118
2.120
2,132
v.142
£.152
F.1672
Par72
Fe18d
¢.192

GREATER THAN

NO 4 OF

[#TERvAL
-0.272
T0 -2.132
1n ~2.182
™ -p,172
5 -?2.,152
™ -2.15¢
0 -2,142
1A -2,130
11 -7.122
19 -7.119
0 -7.1°7
T -p, 232
T -, 0R2
n -z.e72
T0 -r.0h
1o R 2=
L B Y
To -p,030
10 ~i.07e
TN -p.012
TN -0.072
T e.p12
e
hls) ;]
™ 2,048
10 e.e52
T a.0h0
TN e.n7e
11 2.29%0
™ ».270
0 Q.17
™ 2.112
19 7.1209
| £4) @#.137
A& 2,140
T f.150
To Qo168
10 7172
10 €.182
10 2,190
Te r,270
B.280
Y IN €M

Figure 9.

SCALE FACTOR: 1@e X'S EQUAL 237 RAYS

12 XXX%

22 XAAAXKANY

34 XXXXXXXAXKAXRAX

51 XXAXXXXXXXXAN N XALXKNX

63 XXANXXKXAXAXXK XXX KXAXKXX XXX

95 XXUXAXXXXXHAXXUXXXANXXKXXXKX AKX KN XX XX

118 XXX KX XOOONOOCCCOOEXOO DR XX XAXAAA

124 XXXXKXAXAXKYXH XX XLXCKNXXKXAX X I LA RAANXXAAX KA X KXY KXN

134 YXAX XXX XA XOXCH LXK AXAXXFKAX KUK IXXMKX XX KAAR KKK XKK

162 XXXAXLXXXXXXAN R X CHXX XXX R XXX EYAX KX XAXALEAAXRXXX XXX KXAXKHKAN

217 XXAXKYXXEXXEAN XY KXY XEAXKXAY X XY XX XX XXAXY X ALK XXX LI XXX XXX KKANKXAN

193 YAXXXXLK X AKX KOO CXOXX XXX XY XXX UAH XXX XXX X KA A Y AKX XA LA XXX AKX KX XXX KA

2725 XXX KK CY XA XLY XX EEX XXX H XA XHEXXFR AKX EA ALY AXX T XXX AKAKXX AKX ANAXX AKX LXK XXX

227 XX XXX R X CE OO KT KL K XXXAX R EXFXLAXRXXXXAXKA KX XX AR KAXRX XXX XX KAKK XY XXX XAXKR
234 XXUXXK XXX XEXX YA AKX XK AL XLEXEXKIONX ALK H ALK LXK LH XXX A XK XK KK XXX KA X XN XX

231 XXX XN AXXKLXXX KA X KA XK AKX KK ALEX LN XXX KKK ARAXXKAERX XXX A KK AR LN XKXK XK LXAKX XXX KK AXXAXKXKNXK
237 XXXXXAXL XK XEXOHLT AXXLXELEXK XXX AKX XKAXAXXCKLHEXXX XXX KX KIXA XXX AKX XXX XX KAXXH XXX XX AAXXXKXAN
224 XXXXKXK XY XXAH XXX KX XXX XXX T XXX XXX XX AN AN AKX IXF XY XL YA XA KLY XCARXX AKX TN XX XAAXK
221 XXXXKY XK KON OO LEXXX XXX KXY XXX XX LRI XXAXXY FXAXNXRALKKLAXXAKFE X LAX K AKX AXAXKX

.21 YXXXXXX XY XXX KX CXX X XONAXAY XA XX AXYEXRAXEKXXXKN Y OO AXXAXAX XS XXX AKX XX AXNKALXKNYA XK XX KKK

214 XXX DXXNFCXF AL XK KX OHXAAN AKX Y LAY I XN AKX KL AEAAE XXX R XY A KR KKAKIXKN XX XAXA XANX XN KKK
214 XXXXKXKXAXK X YN XX XH LXK E YK CERX XX XK XXX LUNH XN XXX KX AKX K AKX XXX KX XXEXX KA KKK KX R XK K
216 XXAXCXRXYXXXA XXX KK LXK OAXXKXXK AKX XA AKX AKX LA XA K E IR R LXK XXX XXXAXK AKX XK KKK
194 XXX X000 YOO OO XY YN XXX XX XXX KN XX XKA XX XXX XXX KA KKK KKK XX XXX KA XK KK

172 XXRHLA XXX AKX XXX XXX XA KA IR AKX XX XXX AANR KR AKNA XA XK AX

182 XXEXALEXXX XXX A Y CLXX KR L AKX LAY AKX KA KXK XXX I HKRAKAANX XXX N XXX XXX XX KX XX

164 XOUXX XY XX OO XX XXY XXX X XXX XXX XA XXX XXX XXX A KA X XXX KK

143 XXXXXXEXIOOX NN KOO XXX AN AKX KKK XXX KX KX XA AN XA KKK X

137 XXX XXX XX KXAXNY XXX AXXXNXH XXX XXAXKAEKXHAXAXX XXX X KX KR KX

121 XXX LXEXXRAKXK LA XX XA KX XARXE ALK UX AKX KX AX AKX XN

1728 XXXXRXNAXAXKXXNNN XXX A XXX XXAXXKXXAXK XX KA RAKK

61 XXXLXX XXX AR AXXKKXAXNK

57 EXXAXKXXXXXXKXAXXXEXKKKX

22 XXNX XXX XX
. 22 XXXXXXKXX

6 xX

1472.0238 FT FROM THE TARGET

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



THE FOLLO4ING 1S A WISTOCRAM OF Y

LESS THAY

-.2722
“2.192
~C.182
-Fay7¢
-F.168
“g.15¢
-5 .142
-?.158
~2.12¢2
~f.110
-r.12d
=Z.29¢
~£.082
=l 972
-.r63
-¢.790
~Z.742
“C.030
=f 2R
=-¢.pr10
~F .m0
c.r108
v.rae
¢.230
c.740
7.¢50
£.06C
rve
T.n82
98
T.12
¢.110
£.12¢
.23
r.142
£.15¢
2.168
£.172
r.182
¢.192

GREATER THAN

NO 1

THE FOLLOYING 1S A HISTOGRA™ OF X

LESS THAN

~2.220
-F.190
-£.182
~Z.17¢
~P.1682
~7.192
-C.142
~2.,137
~T.129
~7.110
~f.17¢
-¢.292
-e¢.r32
=T.572
~{. 252
-7.752
-g.042
-2.*30
.02
~r.212
Mty

E.12
€.720
P.732
g.242
e.058
282
¢.p72
e.032
¢.292
¢.132
e.112
e.12¢
r.132
£.142
£.152
@.160
e.272
€.180
€.199

GREATER THaN

NO 2 OF

13

THTERVAL
-2,222
To  -2.192
Ta -0.188
T -p,17@
D =p.t6a
T3 -g,158
. -0,142
10 ~2,132
™ -p.122
6 -g.11@
10 -9,172
™" -3.278
Ty -p.2H2
™ -g.272
m  =-p.842
T3 -%.850
M. -p,040
] -p.232
To -7.,8729
T -2.012
o -z.n7@
T g.012
1 e.222
19 r.3e
10 2.040
T0 2.952
1 ¢.862
T3 2,072
I a.040
10 2,292
T0 a.1'8
T0 2.112
T 2.420
10 9.138
T 7.142
As) 7.150
™ 0,160
10 7,478
T3 £.182
T0 f,192
To #.278
@.222

Y 1N Cm

INTERVAL
-p.272
T0 ~p.192
Y0 -9,180
10 -8,172
m -2.162
o =2.152
™Mo -2,14¢
Tn “34132
™ -2,122
10 -2.112
T -7.170
723 -¢.29¢
T3 -p2.2°0
11 -p.,a70
To -n.e6¢
TN -2.852
T2 -2.g42
™ -2,23¢
10 -2.220
0 ~g.212
™m  -3,009
19 2,018
10 s.e2e
To 2.832
T 2.842
™ d.e58
L] 9,067
\L] 2,079
To c.RA2
TQ 2,090
T P.192
10 P.1td
™ ?2.120
T0 2,132
T0 Fald
T0 ?,150
1a g.162
1o 2.172
10 7,168
10 2,192
T0 ¢,2¢¢
@.208
X 1N CM

Figure 10.

FOR 5000 RAYS 2 sexds - W '3074 G}
SCALE FACTOR: 123 X!5 EQUAL 318 RAYS 2254.000

¢

¢

2

4

[¢]

a

n

W

o

s x

54 AXXXAXXXAXAXXX XX
123 XUNLXNXAKXAXXX AL AN XXXNXXXART XX AR X
17" XXX AXAXAXAXLXAHA KLY KAEXXXXXX LN XXX AT XXKNXXY XK XK
234 XXXXX‘XXXXXXXXVXXXXXYX1XXXXXXXXXXXXYXXXXXXXXXX‘XXXlXXXXXXXXXXXXXXXXxXXXXX
261 L2323 032¢80 2382808203280 823388820380 ¢82800338 32388588 033A30 0328020303288 880306¢8¢
ALY XXX XA KUK XX AXEXXKXAKXKKY XL AKX EARA XYL LKA XX RAYNAXNXXK LXK AN X AN
24% XXXXYXXEXE XXX XKL XX KL XRNHANEYNARNE XX YT XN AR KY AR YXXKNAX AR (X XAXK KKK CXXKRXXN
29 XY UXXKAEAKLCLRNNNY ALY XXX KKK YA RN XA XA XK KX AR AKX LKA XXX XKL AN XA RN AN AN XA XXX N
293 AXAXXXXXAXNEXRXN XXX LR LN KX EX RN KA X AR XXX XXX AN XAAX AKX R XXX XA XX ANAY
299 KUXKHY XX LXLXKAAY XX AN AR LAXAXXXK T XXX K AR XA AR AL XLLLLXX XN KA X AN XN XAX XN KA XN XA NXAY
Icy NUXXAAXKAUX KXY FAXUXX XXX XL CLAN XXX KA XXX AN YAXXE A KK KX AL R AKX N XXX XXX X XN XXX XN AAX N
275 XXAXEXLXURXNUN A XX REX XXX UK KL AKX O XYY L XX LR LA AKX AT XXX XL XAXX AKX XNAXX
3in XXXUXE XX AN X AN Y Y S XX KX AN NKAXN Y L CHEXAN TN XAXX X AR T ALY YOO L RN XXX XR XXX AN ALY XXX AXKX KN
312 AXXXXXXNAXXCXRNXXRAX KX EXRY YKL KL XA RNNX KK L XA AR FAXNH LN EXAK AN H XXX XXXAKKXX XY KXY XKKX
352 XAXXXEX XXX T X KN AXAX LR AN XK XX KK KA X XY XX AN KR AN KN XX NXX XXX AHXN RN KX XXX RN XXX RAARKXRX XX XX
247 XXXXXVXXXXXXXXXxXXXXXXAXXXXXXXXXXXXXXXXXXXXXxx(xxxxxx)XKXXXXXXXXyXXXxXXXXXXXX
243 xxxxlxXlxxlx!XiXKYXXKXXXYYXXKK1X¥X‘KXXXYXXXXXXXXKKYXXXXXXXXXxxXXXX*XXXXXXXXX
225 XXXXXAXXNXX KX A KN XXX XXX AKX XEXINXKNL XA KKK LKA AN XX KAHX KKK X
211 NREXAAXXNXXLLXAXXY XX XXX XX XX AN AKX AXYKANAXX AR X AKX XXX LA AN A XXX AX
177 AHAKXAAXKNRKAXYLEXXAX XXX XKL RN AXKXK XX ARKAAAXXNR XA
112 AXUAXXKXAXEALXXHHX XKL XNA AN K XX XX AKX

61 XXXAXXXXXXAXX XXX XXX

3

¢

s

o

7

a

2

2

%

2

1227.139 FT FROM THE TARGET

O

FOR 5820 RAYS

SCALE FAaCTOR: 120 X'S EGQUAL 492 RAYS

@
it
o
-
P
2
o
4 X -
7 x
12 XXX
2y XXXX XXX
64 XAXXLXXXAXKXXX XX
117 XXXXXXXXAXH XXX XXX XANXXK N
199 XXXXXXLHNAXKKIXYXH XA XXX XXX XXX AN AXX XX EAX AKX K
22 XXXRUAAXEAXLAXXYKY LAY XNRAEXANYN XYL A XXX R XA E KX AL
3Ca XXXAXXXAEXXXK XX ALK XKL RAEXNXKA XN XL KL KX XXX LXK AKX XA KKK AR AXAAANX AN
337 NAXARKEXER LY CXTXAY L AXKXXY KX L O XY NXKX KK RO Y XY XXARX Y XA R XA XXX NI XA AR AN
383 XXXXNEXREAKXKXXX XXX KXY A XK KLY KRIY LA AR KAAXX KX XA AY XXX AKX AKX XKX XA XXX XXX XA XK
a8 XXX X ANAXAAXAKXNEAX LN LLCERXXXX XXX XKNARXAX XK LAX T XXX AL KXKXKK AKX XXX AXA XXX X XXX X KKK
38¢ XXXXXXAKYKXXAX XY CLXXANXXAX LXK AN LGN KXLXEX AKX XY XXALAY XA XA LXK AKX XXX XXX K KX XXX LXK KX XXX
347 EXXXIKKLXX XXX XXX KUK LXK T XKLL KN KIAAY XA XIK YUK KAAN XXX AKX KK Y XY
394 XAXXUXLXYXXXXKY AR XX LX KOO LR LA X XXX LH KOO XXX L XN A XXX KXY XX XR XA XK
373 XXXYXXX(XXXXXY!XXX‘X(XKXXXXXVXYXX1KXYXXXXXXXXXK¥YXXXXYYXXXXXXXXKXXXXXXXYXXXXKX‘XXXXKXXXXXXXXXX.
Jér XXX X AXONOXXOCK XY XXX KX XXXOOXCL XX XX KA XXX XX XX XXX XX XAXXX AKX XK XK XXX YK
32R MXXAXX KNI XLR XXX XKL NXNCTARE AKX ALK XK XX AEA XXX KX XX KX KXXXKAAN KX KK XXX AR A
262 XXOXOXXXNHEXXXEXLEXXX XKL X LXK KA K XXX XXX XNH KKK XK XXX KKK A X X
727 XAXXXEXKYXOOOOOX XXX XXLRXAXXIXE XA LXK XX ALK K AKX X AKX
139 XXXXAREXXAXALAXLX XXX XXX XXX XXX XXX K
448 XXXXXXKXEXX
24 XXXAXX
1 XX
3
L
K
@
¢
*
]
2
4
7
1241,139 FT FROM THE TARGET

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



THE FOLLOWING IS A WISTOGRAM OF

INTERVAL
LESS tHAN -2.2¢0
-2.222 T0 -a.19%¢
«£,192 10 ~7,182
-~2.192 10 -9.17@
-?.17¢ VO -N.164
-2.163 10 - -¢.152
~2.1%2 0 ~r.148
“,14¢ 10 -7, 132
2,138 10 -¢,122
~Z.12¢ TO -a,11¢
~2.119 T0 -2.102
=¢.179 10 -2,098
~p,29 T0 -, 282
-¢.78¢ 10 -c.e72
-¢.072 10 -R. 260
~Z.2h0 TO -9,859
=¢.25¢ TO -, 247
-F.r4@ To 0 RSP
-¢.239 To ~B.020
8,020 TD -p,018
-E.¢12 To ~A.2.:2
~¢.222 Yo 2.21%
¢.cte 10 7,822
e.z2e 16 2.233
e.0328 19 2.84¢
*.142 10 2.859
?.258 10 7,242
2.a52 10 3,877
£.272 Y0 2.232
g.7242 70 2.2
292 10 2,172
£.122 1o 2.112
?.112 To 7,122
B.3128 Tn #.1%2
.13 To 2.140
?.142 To 2,152
2,152 1o 2.152
g.162 10 2.172
€.178 19 e.1832
2.182 1n 3,192
2.1%¢ 10 ?.278
GREATER TmaN  @,272
NQ 3 OF X IN CM

THE FOLLOWING 1S & HISTOGRAv OF

INTERVAL
LESS TtHay -g.272
~¢.228 70 -2.192
~¢.198 10 -@.138
-2,1680 7O “?,172
-C.172 17 ~2,162
-¢.162 TN -2,152
-£.15¢ 0 -2.140
-¢.142 70 -0.132
-f.132 TN -p,122
-.123 10 -p.1:2
-¢.112 YO -@.100
-£.192 19 -2.852
-g.z92 10 -2,282
-f.782 0 -2.27¢2
-¢.770 10 -2,062
-£.762 13 -2.050
-2.752 Tn  -2.24@
-~g.p42 TR -3,232
-C.232 1% -p.222
~fp.22¢ 10 -a.212
~.712 o -p.270
~C.222 10 a.m2
g.212 11 A.22¢
¢.723 19 2.232
¢.033 11 2,240
@.24C 10 2.859
f.r53 10 7,262
€.760 10 2.272
e.078 10 @.230
£.282 10 2.€92
¢.c98 10 2.1°0
€.129 To n.112
¢.112 Tn 7,120
¢.122 10 7,132
?.132 To 7,140
?.1642 10 7,158
f.132 10 2.152
¢.16C 10 e.17¢
¢.178 10 2.182
#.188 70 a8.19¢
€.198 Tn g.270
GREATER THAN 2.222
RO 4 OF Yy IN €M

Figure 11.

WMEUR OGN

-

Gs)
-23- TM-374

SCALE FACTORY 182 X'S EQUAL 398 RAYS 2254.000

X fOR 5808 RAYS

XX

XXXXXX

XXXXAXXX %X X

XXXAKRXXXXXHAXXNKX LXK XX XXX KX XXX XA AN X

XXXXAXXX XK AXXKNEXR XKL XXX XXX A XAXKIXAN KX KX EXAAXRAKRK

EXXXXIOOOONT XXX XXNN XXX XLXNAXAXIKXIXKAAAXKXXXXF XX KKK XNHA XK

XXXXUOEXXAXXXAEX KX ALK XXX XXXX YA X XX XY I AL XK AKX ORI AX KON XXXRXX XXX AN KX

XXXKX XK XX AXYAEXCAXX KA XXX XN LK AR KX XN AXKX XXX LXK LK XXX XXX XANEXAA XX XL XXX T XXX
KXXONXXKKH XXX AR XXX XXX LXONXX XXX XKL XXX XXX LA XX AKX AR KX RXXX XXANT AN AKX XK XXX XXX
XXAXANUX Y XXX XX KX XKLL L LN KRR LR X XXX XX K AXHK XXX XXX A EA X IR KX XA X LUK X ALY KX XA KAAXN XK
XXXXOCOOOOOXXXYXXXXLAXXLOXLLY XL XXOAKE KX XEIEX R XX IXA XL XXX KX KX X KX KKK XK XX K

XXXXELAX A XLKANKKA ALK AKX KN LAY XXR XXX KL K AN RN LKA XXX AKX XXX X LN XXX KXAN LXK XAKK
YOXEXXXKY XXXAXZEXXAK XKUY AXAXXXK AU XK KKK AXAKX L LXK AR LXK XXXKK LR XKL AXKHX XY XX XXX AX
XXX XXX XX XWX N 2 XX XXXXOOOOCLF XX XXXXXX AKX LAY LXXXX XN LA XX KA XXX X XXXAKAAAX KX XXX AN A XX RA XA R KX
XXXXAXXXKXXAXXAKXH XXX LXXXXR XK OO XXX XXX XXNXLXLAX XXX XXX K LXK AKX KX XXX K XX

JOCXK XX XXX X XHOCEKKXXHCH XXX XXKXXOOCEX XXX XXKAAEXXXKEXXXX XXX KX AXAR XXX XXX XXKXXX

MOOEXAAAXE R XXX AXLAXXXXXAX OO XKL LXK X XXXX KX ANXKX KKK X
XXXXXLHXXXXXXKAAAALXAXERLXXXXAXAXYAXKKKX XXX KX XAKKX

XAXKXXXEXKEXAXAAAXXAXX XXX XX

XAAKXXXXXXXXXXX

XNXXXAX

XXx%

X

X

1472,232 FT FROM THE TARGET

SHVmNMOaNIANNL W

N
2 a0
>

384
447
493
as7
478
491
424
442

n
e ®
LXRCRN P

53

cEmONeIRVIUT

£

1472,028

(&)

Y FOR 5028 RAYS

SCALE FACTOR: 122 X'S EQUAL 498 RaYS

XXXXXXXKXXXKXXNXKXAX

XXXXXXXXY NN KX AXR XXX K KON X LXK AKX KX

XXXX AKX XXX XKL XOOOAE XXX KT XXX AXKXLA XXX XXX YLK AKX KKK KKK AKX XX

XXAXXXXHL XN AAX LXK XKLL XXX AN ALY ALK XA XXAXY XXX X I XXX XA XXX X AN XX XX

XXX XXX KX XXX XXX XXX OO XX XEIXXX XXX KX XXX HET XXX KXKK XXX XX XX KX XX I KX XY A XK KX

XXX XXXEOXK LR XRK R AN HXAX AR O R XXX XXX XXX EIOCEH AKX AKX KA XKL XK XAXKXKT A XXY XXX XXX XXX NXX
OCXXXX XXX KX XXX HXNXXOXEEX XX ALXOORXAXXAXXAARXXER X KT XXX XX XXX LA XX XXX XAXX KX XX AANAXKXKN
XAXXXXKXXRNXHXY XXX O, XX XXX IR KXY XXX KOOI K XA KA XF XA XX XXX AKX KKK AKX KKK XX KA AKX XXX KA X
OO0 XXX XN XXX AN XXX N LXK XA XNAX AKX XXX AKX LY XK N AKX KX AAK AKX KX XXX XA X OXH XA AXN AKX XXKA
OO X X XXX AKX L LXK X EXLHKX XXX LY X KAXEXXXXKY N ARLALNXKLXY KXY LXK XKL R KL XX XAN AN KK XA X

XOOCNXXKX XXX O0EXOOCXOOOOOXNCOCEEX XXX XXX XAXXX XXX XL XXX XX XXX KL AKX XK XXX XXX XX

XXXXXXXKXXXAUKNA XX XY KX AXX LXK XA KX XXX KX XXXN XX XXX X XXX XK XXX XXXXX XXX
AXAXFEXLXXKXXKX XX KX XX XXX YKL XXX XXX XK X LXK X

XUXXXXXXXAXXXAKXX

FT FROM THE TARGETY

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.



THE FOLLOWING 1S A HISTOGRAW OF Y FOR €43 RAYS

INTERVAL

LESS THAN 24
=g£.22¢ YO -3.192
-r.192 10 ~2.140
-2.180 T8 -%,172
=£.17¢ 10 -t 1640
~r.160 T ~4,1%2
-2.192 T0 ~d.147
=7.14¥ 19 -3,132
“ft.132 Tn 3,120
~¢.128 T2 -7,119
"£.119 T0 ~2.122
“Z 10 10 2092
“P.958 T2 -, 883
“2.p80a T4 ~g.279
€27 T2 .63
~C.p6@ 10 -?,052
~E.e50 TQ -p,0a2
-2.@4¢ In -¢.032
=¢.232 10 -¢. 222
“ec.22¢ 0 ~2.012
-¢.e12 T2 -2 0vd
“g.p20 10 @.e12
C.elé TC 2,220
e.z2¢ T0 a.232
¢.232 70 .64
B.042 10 2.3%2
r.a52 To P05
z.e4¢ Tu 2,272
2.z272 To 2,292
€.782 70 2.992
¢.292 T0 #.172
.12 TeC ?.11¢
g.112 70 2.129
#.122 70 ?.1372
?.132 10 2.142
F.14¢ T0 B.159
2.154 10 2,182
r.162 Tn 2.172
2.17¢ 13 2,148
2.18¢ To 2,192
e.1%8 10 2.272
GREATER TraN 8.270
NO 1 OF Y IN CM

2 sedds LAy . sy, ()
-24- ™M-374
SCALE FACTOR: 1@ X'S EQualL 238 RAYS 2254 . OOO
3
9 AxXx
14 XXXXX

20 AXAXXXXX

29 XAXAXKXXXAXX

53 XEAXX XXX XXXXNRRAEAA X

53 XXAXLXXEX KR XXX KX AWK KX

94 XXXY AKX XXX F N L X AKKAN XA XXX KX XX

92 XXX XKL XU XXX AR LLLAXAXANKA XYY XK NN
112 SAXXAK AR OO OOOIXXXAXXL AN XY XXX XA XX KXY
11% NXXAXUAXAKXXX RN LN XL ALK XXX A LA LXK AAKR XXX XA KX

123 XXX XN XXX X KOOCEXXY XX KL AKX LA X XXX KX XX XXX AN XY

142 EXXAXXXXXX XXX KXXKX KL AAXXXAX XK AN AR I XX AR XX XXX XXX XXX

158 XXXXHOOXKX XXX XA XRHIYY XN LRI AX XXX XXX XA XXX KX XXX KX AXXXNNA XA X

17 MXXXRXAKEEIXLA XA XKLAXNXAXAAKK RN XX KK A XXX XX XXXKK XKL AT XX AKXKRXKX XL XXKAN

183 XXXEXXX XXX KA KN OOCLK XX AXXAX XY AEY LK LXEEKAXLKAIEE LA XX LHXAXL XXX LA XXX XY
193 XXKLXF XXX XX XHARA XXX X IRAXK AT RAANK AN ERKX KA LXAEX XA XXX A EXA KA XA AARARNARN KX XX KXAKY

228 XXYXNX X AKX XX CHENAE XXX LN AKX XL XXX KXY XXX XXX YN KRR AKX LXK Y XXX Y XX XX
23 XXXXXNAXXXXRXXXLAXN XXX AAXRAXNAA NN KD AN LXXXKXKXXK AKX XL AAXAXLLXX LA COHXXEXKKEXNA XX XXX XXX XXX N XA XX

212 MOOXXX XXX X KX OOONR XX XA XXX XXX LXK LY XXX AL XXX XXX XKL AU LXK EALXXX XX XXXXAXXXXH XX Y X

234 XXXXXAXXXX LXK AN XD XX AAXH XXX KX LR AR XXX A XXX XXX XX AXUXXR AN AL A XXX KA XXXXXXXX XXX NLX XXX Y XXX UK R XX

219 MONEX X XXNX XXX A XX RNCLY XXX R NN X AN LN AR KO XHNXNA LN LN KAAAXY YA XXX X S KRN LR XN Y XXX XX

23S KAXXRAKXXXAXEY CUX XXX KALXAXRKRCRARY IXLARR LXK LHXAXEXR L0 3% )OO0 RO XXX A KL XXX XXX KX XXX AAXY R XX
231 XXX XX O XX LRLKLIX XX KENK AR E AN LT AXX AKX KR AR KX XXX XA XXX A XY XXX XX XXX XXX K

221 XX XRXXXAXKY XXX XCXXXXXXXAX XXX LXK N AR XNK XXX XXX XXX AHNA XA HOOCXXX XX XX XA XXX XXX KX XX XX XK

227 EXXXXXXAAF XXX KK AR AN XXX XHXX AR XXX R LXK XXX XXX R XL AR R XN XXX XXX XXAKX AKX X XXX XK XX

211 XXXAXXXKNXXKXLYXNXAX KK AN ALK AN K ANX XN AN XK AXXXN XA RXX UK HAXK XXX XN KX NN EXE XXX XXX X KX
183 XXX XY XY KN KX ORI O XXX AXKAXXEX XXX CR R A XXX XXX A XXX KR KR AKX
139 XXREXA LXK XNXIN XK X E LN KX AKX KLU XEKX XK XXNK KA KAX K KKK

144 XXXAXNXXXHX XXX XK ARNKX X KAXAXE XA K CXOEAAXAXXLXXEXRNX KX XX XX AN XK KX
164 XXKXAXXXXRX A XX O RAARNXREXLAAXA XX LXK R LLXAXXXKANXX XA XXX XXX XXX AN X

94 XRXAXE XXX XKAKLCXAXX AKX XK XXX LI XA XXX

97 XAXXXEXXUXX L XXX XAUN XL AR ARKAXX KXY XXXNK

93 XXXKXARNAXXXK KLY XK XA KA XAAXRK XXX XXX XXX

85 XAXXXXXAARXNAXXYXXXLLAXXAXXKXXXXX AR

46 XXXXXXKXXXAXAXXXXXX

47 AXXXXKXRYXXXXXXKXXK

38 XXXXXAXXXXXX XXX

19 XXXXX X

13 XXXRX
14 XXXXX
5 XX

1#27,139 FT FROM TRE TARGET

THE FOLLOYING 1S A HISTOGRAM OF X FoRr 5020 RAYS

14TERVAL

LESS THaN

-2.428 19
-2.392 T0

GREATER THaN

X

-2.472

-2.392
~2.3490
-2.372
~2.342
-2.35¢
-2,342
~2.330
-2.322
-2.312
-2.3¢
-2.292
-2.277
«2.272
-2.262
-2.252
-2.242
~2,232
-2.227
-2.219
~2.272
~2.122
-2.188
-2.17¢
-2.162
-2.150
-2.14¢2
-2.132
-2,122
-2.11¢
-2.172
~2.890
-2.232
-2,872
~2.2602
-2.050
-2.042
“2.e32
~2.922
-2.212
-2.009

-2,022

IN CM

Figure 12,

SCALE FACTOR: 132 X'S Eoual 395 RAYS

&
4
e
2
;
1
7 X
7 X
17 XXXX

33 XXXXXAAX

92 XXXXXXXXXXXXXXNXXXXXXXX

159 XXXXEXXXXKXXXH KX XXH KXY XAEAX XXX XXX X

210 XXXOOOOXXXXRNX N XX RXXA XXX XXX OOXXXXXHAX A XXX XXX AN KX

754 022822200 R R RARASAR RS20 803383300000 4823 20828831

331 XXXXAXXXX XX AR XX AKX K AAX KA AKAE LA RAA KX X AKX EXXAXY XEAAXXKX KX XXX XXX AKX XXX KX K XXX

356 FAXAXRCAXKXX KA XV XXX NNNXRAXKXXKCL LN ENKAXXX XA ELXE A XX AXX KX KAXXKCK AN LXK AKX XXX XKL X XAA YK

(¢}

394 XXX XEXAL XXX A Y AKX L AXRAXXX KXY LA X LA KRKK XXX KA LKA XXX XRE KX CXKX XXX LXK XXX X AKX Y XXX XN KKN
394 XXXAXX XXX XX XXX KH X 2 XXX Y SAXXY ORI AXT XXX XX XX KNAXXHKXA AKX L AXRXAXXXAXAAXEXXXXKKYHAK LR XX XAAX AKX KKK

7 XXXXX CXXHOXXAXX Y XX XA AR AL AR XXKAXAEXAX KX XX AR L XX XA XXX XX LXK AXXARXXNX AKX XXX XX AKX XXX XKX

3Jor XXXX XXX AL XXCRY XX XX XOONCOEX XXX NAAX XX KR KX KXY XD XXX T ARXXXXXXEXXXA XXX EAXX AX XX XXAXXNAK

36 XXXX XA ANXAKERXY KX EKXAXA X LXK T LXK XXXE AL XA RN XK AN LXXXAXAXL L XXX XXX XXX XXX KA XXX KA KX X

39s XXXXKXXNKX R AN s XX LXX AL XXXKXA A XX LXK AXKHYXX XKD NN KKK X XA XXX XXX KLX XX AKX KRN XN XXX XAANKX

344 XX XX AXKXLYXNX L ARAXAR KX KXARA XK KX XXX XKEXXHH XXX XA U XXX KX XL X XXX KKK X XX RAK XK XXX
292 XUXYXXLXXXXXXXA YN XK XXX LXLK AL XXX XXX XXX XXX AKX X L XXX XKL E XX XXX XK

267 TS TSR3 23 8330303323807 3300083202 87¢38¢23¢0383082889 84
195 XXXXRXAXLAXKXKXKHXXA XXX XX AXNK XXX XXX XX XK KXY

94 XAAXKAXXXXXXXX LAXXXX XXX

35 XXXXXXXX ’

1 XX
7 X
2
'

2
J
2
b
2
]
o}
@

1041,139 FT FROM THE TARGEY

Beam profiles at the ‘second focus in the vertical and

horizontal planes respectively. Two sextupoles are
used and the momentum is one-half percent above the
central design value.



\4
THE EMLOJINE IS & WISTOCRAM OF X FOR 5070 RAYS =75 - TM"'37(4‘

LESS ruax

~f.272
2,172
~2.130
~“rale
~C.160
.15
0,140
“fo1 30
“C.120
“7.110
-¢.120
“2.792
-t.,30
7072
Y14
“Fae 50
-u,74¢
~¢. 30
.20
~€.718
-y .vAR
T ¥
Coe2e
F.730

40
e.752
¢.76¢
¢.072
e.c82
P.r97
€.120
f.1192
z.12¢
?.132
¢.142
r.152
€.162
$.172
?.152
€.198

GREZTFR Tnan

trTERvaL
d 2,28
™ -3,19¢
10 ~-a,192
T -2.,172
™ -2.162
tn -2.152
" -2.142
" -72,130
™ ~%.122
1] -7, 112
i) ~2.148
] -9.092"
L] 2,092
b -g.272
10 -7,062
T -4, 858
TN ~2.042
T ~2.83¢
1N ~2.,07¢
T ~p.212
T -p.200
1. 2.21¢
Tn @a.p22
11 Q,030
10 P4
Ta #0532
T P.052
1 2. 070
™ r.anQ
™ 2.290
™ 7109
T0 2.112
™ ?.120
Ta 2.133
To 7,148
1¢ 2.1%2
LI 2.1562
i 2,170
TG 2,182
1n ?.192
T2 ®.202
a.2v¢
X 1IN Cu

NG 3 OF

377
396
3ns
396
378
289
264
154

49

CTROT RRGN

=

SEALE FACTOR: 1200 X15 EuuAL 417 KHavs 2254 4 000

XAAXXX

AXAXAYLXXXKX X AN NN

OOOCLXXAXXX K IOOOOOOLIX XX KA XAXAX Y AXXXNRAXN

XXKXXAXKY XXX XYXKKELAK XXX LA XX K LA XXX XA XXX KK KX

XAXXXXXXXX XXX XARLN XX LEKERIXCRHAXRAX KK AKX AL XX TN AXX XXX KA KLU XX KX XK K XX

XXAXXXMXXXKX LY CXFXXXXXAE RN AAKY XK XXX XK A ALK AXYXHNA XXX XRAXXNKAAKXAXY

XXX ARXXX KKK CXX T XL XX AXXN WA ALK AXX LXK XA KX XY XXX LN LXK EEARR XA KX XN AKXX Y XXX XXX
XXAXXAXXXXXKXXXAXY XXX KXY KXXX KK AL EKKRAX AR XXKHCHKXT XXHAXXXXX KR RXAAK XXX XKL KA XK XX XX KK
XXX XXX XAXLXI XXX XA AL LN T R ARXAXN XXX LXRXA XXX XK AXF XX EKEXAXAL N XXX KXY AKX XY AT X ALK KKK KX XY
XXXXKUXXXERKLCK RN XN XY KAXX XKUY LT XA KLY NARRANK AN RS A XK HIAKNKIOAAX XY XARAXAXH K KKK AKX AKX D XXX
XXXXXXXXAXKALY AY XD XA AR AXCHXCXAXA AN LARXXXA KX XX L AL XXX XXK XKLL KY XXX KR XXX XXX XE KA
XXXUXHAXHNXXXXAXKRXXRXENXN XX AR KX XAKAXXKLKKANNKY X AXAXKKAX XXX R XK RRLK XX XXX XXX XXX XXX
XXXXAXXXEUXKX XXX XXXXKX ALK AXKLX KA RXKLLIXXXKKAEALALNRIKLAR XK XKLL XXX XK XN KA KXXXXY XXX KX XXX XXX
AARKXXAKXAXKKX XX AXXXKXX ALK KN XK AKX KL XXX XHAARYAXUAXY KX AR XXX AKX X

XXXXXRXXXX XXX AR XXXXLKAXCXXX AKX KK NHA KA XKAN XXX LXK X K KX KN XN XXX KKK X

XXXXXXXXAKXXXLX XX KR XAXXK XK AKX KKK X UKL XA KA KKK KA AN
XEXXXAXXAXXX XXX XAXAXXAXX XXX KX XN XX AXX

XXXXXXXXXXX

X

147¢.202 FY FROM THE TARGET

THE FOLLOWING IS A& HISTOGRAM

LESS TvHaw

~£.27¢
-€.,192
-¥,182
~C.17
~r.162
=@.15?
-€,142
-2.138
-2.122
-¢.11€
~7.142
-2,899
- L1

=C.r22
-n.10
=C.2?)
f.218
2.223
P.r32
e.242
6,250
.16
e.p70
2,¢8¢
¢.292
2,178
.12
C.122
e.132
W.142
2.159
2,169
€e.17@
2.189
e.198

GREATER THAN

NO 4 OF

[TERYAL
-Te27
10 -2.190
T0  -g.182
10 -2.172
1M 2,162
10 -, 152
™0 -p.168
To -e,132
T -2.122
™ -2,117
16 -7.172
™M -0.772
Te  -#,2%9
o -2.272
2,05
-g.2°0
0,242
~2.7¢C
—2.022
T8 =2.212
™" er 2
10 2,712
Te 2,973
10 a,232
10 2,090
™ P.L52
1 2.050
10 a.072
10 EREL]
¢ 2.622
10 2,172
10 2,112
™ 7,122
10 2.13¢
10 7,142
" ¢.132
10 n.152
To 2.172
19 a.112
0 @.190
To0 2,279
0.220

Y IN CM

Figure 13.

o

-
[T A

147¢2.90¢

(Lo)

Y FOR 5800 RAYS

SCALE FACYOR: 177 XS EQUAL 332 RaYS

XXXX

XXXAXNX

XXAAAXXXAX KK

XXXXXEE XX XXX R XAXAKXNA L

KXXLYXKUXK AL LR ALK CK KKK

XAXRUXEXCKLRUX AN XEXXRAXXRYAKAXXX XXX XK

XXX XAXXAXKL X XXX XXX RAXKX Y AKX Y AN XXX RN X RN

XXX X XXX KX KN XX AXH KK LXK XL XXX L OO0 XAXF YA XXKA

XXXXXXARXXAARX XX KRN A LR KA AAAL A LA XL XXX KN XL X X XA XXX NAXXXAXK

XXX X XXX XXX XXX XN XRXXH XXX XXX XXX KK KX XA AL XXX A XK Y OO0 XX XXX A K

KEXXX LXK XK XTI XA AN ERIKK LK AKX LK CAKA XK LT XALKEKANAKF KKK XXX LK XXX AKX XK KX XKXN XK XXX XX

XXX X YXXTXXRAX X XNR AN L ONHXXRNAX LT XL XXIX XX XXX AXXXXALXYKXX KL AR XX KX XXX KAXK XXX XK XA X XAAX XA AKX AXK
XRXNXAKXY X AKX CXXNKOXXNR AL ERRK AKX XXX KX XXX LKA Y X AR HEAXUYERA KKK HAX XXX NX KX XKL AKX KX XXX XXX EXKX X
XXX XA AXXXCHLXENAN KL XXX AKX AN XA XYARTX XK RKH X XXX XK XXX HIA LXK XKA XXX E KL XAXXX KN X XXKXAX AAXK X
FXXLRXX XY LX R XXX XX XK X LXXAXXAKY XX KX ER XX Y LXK XXX XU XXX A RXNX LKA XXX XXX XA XAKXAXXAA K
XXX KX XKL AR NOONOCCK KX X XXX XXXX WY CAEXX XXX XHE XX KR XN XXX ARYXAX XX XXX XX XXX XXX X
XXXXKXXXXKXRRK XXX KX CRKKNKKRE N AN KA XXX XXX X AE ARAK XX XXX XXX KKK XAXXI XXX ALK X X

WXXXHXAXXX XXX AXCXXXAXXAX XXX LY XXX XXX KAX L LK AXXEXXAXHEXX LXK XRAK I XK XXX XN XX AKX AKX XX KXY

XXXRRY XXXAXXXHAKNLLX LA XXX KRN LA ALK KKAXX KKK A XXX RXHXX Y RKXRKAKR KKK XX XKXRAXK

XXX X AKX XXX IO RN XX XXX XFOOOOCXX XXX KX XEXX KK AEY XXXKEAK R AR XXX

XEAXXKKXEXXXXKH Y XLY AXXRKAAXAX AKX LLXK XXX AN XAAXX AN XXX XXX

XXXX XX XXX KXXK XKL LR XXX KK AL LAAXXK AKX XK LN XXX

XXXKKXRXXXXRXXKX XXX KRXXEAXK XXX KA XXX XK XA XXNAXAX

XXXXXXXAARX AKX KA X KR A XKAXX KNS XX

XXEAUXXXAXXENXX XX XXXKX

XXXXXKXKKXX

XXXYXX

XX

FT FROM THE TARGET

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



THE FOLLOWING §S & HISTOGRAM OF

LESS THAN

“P.2%
“f.19¢
-2.18p
=2.172
-F.160
“F.152
-7, 14¢
“f.130
-F.122
~.110
=122
“R.790
~¢.oH80
“€.272
“P.ehe

GREATER THAN

NO 1 0F

THE FOLLOYING IS A HISTOGRAM OF

LESS THaN

~4,67¢
-4,59¢
-4,53@
-4.57¢
-4,5%52
~4,55¢
-4,540
-4,530
-4,52¢
-4,510
~4,530
-4.432
-4.432
-4.,472
-4.460
4,458
~4,440
~4.,43
~4,420
4,418
~8,470
-4.,33¢
~4.392
-4.37¢
-4,360
-4.352
~4,340
~4.330
-4,322
-4.311
-4.820
-4,29¢8
-4,292
-4.272
-4,267
-4 ,257
-4,24¢
-4,28?
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Beam profiles at the second focus in the vertical and
horizontal planes respectively. Two sextupoles are
used and the momentum is one percent above the central

design value.
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Beam profiles at the ﬁhird focus in the horizontal and
vertical planes respectively. -‘Two sextupoles are used
and the momentum is one percent above the central design
value.
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Figure 16. Beam profiles at the second focus in the vertical and

horizontal planes respectively. Four sextupoles are
used and the momentum is the central design wvalue.
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-2.248 Tp 2.8 234 XXXXXXKXAXEXXOCXXEXKXXXAKERKXELKE XK IUAX KL XK AKX KKK AKXHKICCOXX XK AAA XXX XX
-¢.032 10 -9.,822 261 XXXAFEXAREAXXEX KK XCEAXAK KX LALXIKXHXH AKX A XK AXX AKX AKX XXKIOOK A XA XAXA XX KX XXX Y XXX
=7 722 Tn -2.012 254 XEXXKXNXAXXXXA L XL KX LIXXXXAAXA XXX KR LXK Y XK KXY NA XXX XK XA XA XXX AKX XAXK AR KX
-?.012 10 -2.8:0 242 XXOOOXXXV KXY XXX LN XXX AKX A NHXOOOXXXXXXXXY XY XXXIKXXXIARX KKK XXXXXAXAXX LXK KX
~Z.¢o2 T0 2.019 28" XXX OONR XXX OO LKA HKLAX X O LN EXXX TR LR XXX N XX XKL A XXX KR XXX K AKX X
v.c1e Th 0,820 294 XXXXNHAN XXX XXX XAXLY XXX XXX KXX XK AKX XXX EXOOOOXX XXX XK AKX XXX AKX KX KKK XXX K
£.222 10 ¢.230 246 XXX XXX XXX XX XXX LXK XXX KX AKE XXX X KXX AKX KKK XXX KX XXX XX KKK
¥.032 TO 2.L42 244 XIOOOXXXHYXXXAXAXKEXKAAXKXKHK XKL XK KOO XXX XXX XA XXX XXX KKK AX AKX AAKXXXX XXX X XX
¢.243 T3 A.252 217 XXXXOOCEAXXKXXXXXXRAXLAX XXX ALK XAXK KRR AKX XKXKXNX XXX KKK X XXX KX X
v.a5¢ fn 2,860 171 XOOFX R KX XY XXX XXKXUEXAAX XXX AKX XK XAKKEXI AKX AKX IXKKXXKX
F.z6 T 2,872 147 XXTXAXXXYXLXRKEY AR XA LXK KX AKEX XKLL XXX X XA XXX KX XX XXX XX XXX
270 To 3.782 1e9 AXLLKXAXKEARXXKAYKOCL XX KA X AKX EXAXNXK K
'¢.292 To 2,298 97 XXOOGOOCKY XAXXXRXX X XAXXXXX XX XXX KX
2,292 10 2.1 71 XXAXXXXEYXXXXXAXCKXXAXKX
v.122 To 2,118 63 XXXXXRLALXXAXKEX XXX X
¢.112 T0 ?.12¢ 61 XXXXXLXKAXAXXXARKX KX
v.122 TC p.13e 57 XXX ANAAXAAXAX KKK
£.132 Tn 7?.142 42 IANARXKXAX AKX
£.142 10 9,159 33 XAXXRXXXXXN %X
£.152 70 2.1560 44 XXXXAAXXKXXKKX
¢.162 10 2.170 4z XXXXXX XXX X XXX
€.17¢ 9 2,182 37 AXXNKK XXX AX
2.182 19 193 3 XXXXXXXRXX
2.192 Yo 8,278 31 XXAXXXXXKX
GREATER Thawn @.23¢ 13e XXAXXKXXEXEXAANOOXXXAXA XXX AKAX XXX AAXK XXX KRR AR K

NG 3 OF X IN CM 1473,.2¢2 FT FROM THE TARGET

hy)

THE FOLLOWING IS A4 HISTQGRAM OF Y FOR 5023 RAYS

T4TERVAL . SCALE FACTOR: 1@7 X'S EGUAL 477 RAYS
LESS THaAM -g.,272 h
-g.222 10 ~3.192 ?
-f.192 10 -2,182 Z
“7.132 19 -2.172 Q
-T.172 70 =2.152 2
“C.1%2 T2 -2,153 4
~£.152 T3 -2,142 4
~7.142 T2 -2.132 3
-T.13¢ T2 -2.122 2
-7.122 1n -3.112 @
-¢.112 To -72.17 2z
=2.172 19 ~3.097 1
=£.2%C 1n -g.z3¢ 15 AXX
-¢.82 1N -2,872 47 XXUAXAXNYX
-%.72723 1In ~P.257 142 XXXXKXCXXXXAXAAXXXKKXAXKX XX KX
~y.v62 10 -2.258 233 MOUXCKX XXX XXOCONNCKOOUXX XXX XXX KX XX XA XAXX XXX
=I5 TN AT 314 XXXXKXCXLKXXXLXAKXAXKAXXXKA KX XX AXXXIAXX XX XN KXY XAKKXHNKK XXX KA
~7.¢48 Tn -2,832 2Rz XK XXX XXX HOOOOOK XXX KX LK EX XA CXALEXXXKAR LT XX XA KN XX AKX AKX XA AL XX XK XK
-.732 T -3.27¢ 442 YOO XXX XXX XX XN X XXX AX KLY XXX OO XK XXX XA XXX Y EXXXXX XXX XXX A XAXS Y XXAXK
“g.o2¢ Tn -2.21¢ 444 MOOO0OCOCKEXKX 000X X OO0 XXX XXX XXX XXX XXX K XXX XXX XX XK X XXXY XA XXX X
~t.010 T3 -z.802 . 477 XK XX XXX X XXX XXHNX XXX XX XXX RXEXX KX XX XXX KK AN XXXXAX XXX KX XXX XXX XX KX XK XXX A XK XX XKAKKX
.72 Tn @je1e 463 XXX KAKXXXAXXX XXX LK LK RN KX LK KX AR HCAXY X XAXXER XXX A XXX AN XAXN XK Y XXX AKX XX AX XXX KN KK XXX A HHXA
vt 10 .22 455 XXX XXE XX XNXNXEH XXX XNXEXN KKK RO X AXKX XXX X LXEXXKAXLHAXAXXEXXX XXX XK AL XA XXX AKX AKX
g.c22 19 e.230 394 XXXXAXXRAXXXXX XXX EAXK XXX XX KK X XY ELRXKH XXX XKXX KA XX HUREXXX XX XXX K AR AN LXK XXX XX XK
L.23% TO 2.042 378 XXXXUAKXXXXX XX XX OO XXAXA XXX XX AKX KRIX XKLL AXL XXX XXX KKK AKX KA XK X KXX
¢.282 Tn 2,252 354 XXX KKK XX XXX KA XXX XX IAXKXXX AKX AKHAX XXX KK AKX XX XXX XXX KKK
.52 Tn 2,268 25% XXXXXAXXKKXXXXXXXXKRXXXXKLE XXX AL KA XXX XXXX KRN AX
¢.o68 19 2,072 131 XXXXXLKXAAXKAXNXXXKXXXXXKXX
2.072 T2 3.25¢ 54 XAXAXXXXXXX
¢.482 10 2,092 15 XXX
Eer92 10 .12 6 X -
€.1498 Tn 2.112 14
2.119 1 2,122 @
£.128 T 2,182 4
v.13C0 11 2,142 ]
E.14C D ¢.15@ a
£,159 1n 24162 2
¢.162 Tn 2,172 ]
¢.37@ 10 2.192 2
L3808 To 9,192 ¢
€.1%8 TO 2,202 ]
GREATFR Thah 2.272 2

NG 4 OF Y IN €M . 1472,228 FY FROM THE TARGET

Figure 17. Beam profiles at the ‘third focus in the horizontal and
vertical planes respectively. Four sextupoles are used
and the momentum is the central design value. '



