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ABSTRACT

A new design for the lattices of the SSC’s three injectors is pre-
sented and compared with the CDR. The complex is matched so that
the SSC filling factor is 94%, and is designed so that there is no tran-
sition crossing at any point. In general, the dispersion function is
substantially reduced relative to the CDR design, and it is made to
vanish in the straight sections. We also present tracking results which
include the effect of the space-charge force, chromatic sextupoles, syn-
chrotron oscillations, and the expected random and systematic dipole
magnet errors. We conclude that the CDR magnet design allows
adequate dynamic aperture for all three boosters, and that the space-
charge force in the LEB has no significant detrimental effect provided
the LEB is tuned properly.
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1. Introduction

There are three main requirements for the design of the injector system:

1. It is desirable that the dispersion function be small in order to minimize
the spread of the closed orbits of particles with different momenta. In
particular, it should vanish in the straight sections, where the RF cavities
are located, and where injection and extraction are performed.

N

It is desirable that the transition energy not be crossed. There are three
reasons for this requirement: to avoid potential degradation of beam qual-
ity by emittance dilution; to simplify operation; and to increase the thresh-
olds of single bunch instabilities.

3. Particle tracking including the effects of the space-charge force, sextupole
magnets, dipole magnet errors and synchrotron oscillations should be sta-
ble out to sufficiently large amplitudes, and the nonlinear effects should
have as little as possible effect on emittance dilution. In other words, the
dynamic aperture should be sufficiently large and the beam quality should
be sufficiently good for the proper operation of the SSC.

We present here new lattice designs for the boosters meeting the above
requirements. The primary parameters are listed and compared with the CDRY
in Tables 2.1-3 (a bunch spacing of 4.76 m is assumed for all 3 injectors and the
SSC). A description is given in Section 2, which includes values for some beam
parameters and single-bunch instability thresholds. Section 3 presents tracking
results including the effects of sextupoles, synchrotron oscillations, space-charge
force, and magnet errors. Section 4 summarizes our conclusions. The Appendix
contains a numerical listing of the lattice functions obtained from SYNCH."

2. Lattice
2.1 QOVERVIEW AND Basic CoOMPARISON WITH THE CDR

The lattices for all three boosters are based on FODO cells with phase
advance close to 90°. The design is such that there is no transition crossing
at any point in the chain (as is also the case in the CDR design). The LEB
operates below transition, while the MEB, HEB and the SSC operate above
transition. The 3 boosters and the SSC are matched so that the harmonic
number of each stage is an approximate multiple of the previous one, resulting
in an overall filling factor of 94% for the SSC without the need for partial fills or
beam chopping. This should be compared with the CDR design, which implies
a filling factor of ~ 85%."



Table 2.1. LEB Parameters

Injection momentum

Extraction momentum
Circumference

Harmonic number

Number of bunches

Protons per bunch

Circulating current at extraction
Norm. transv. emittance (rms)
Longitudinal emittance (rms)

Horizontal tune

Vertical tune

Transition gamma

Natural chromaticities (H , V)

Lattice type
Superperiodicity
Maximum beta (arcs)
Maximum dispersion

Number of dipoles

Dipole length

Dipole field (max)

Full good field aperture (H)

Number of quadrupoles
Quadrupole length

Max. quadrupole strength (B')
Full good field aperture

Number of sextupoles
Number of sextupole families
Max. sextupole strength (IB")

RF frequency at injection
RF frequency at extraction
RF voltage at injection
Synchronous phase angle
Cycle time

CDR

1.22

8.0

249.6

52

52

1.0 x 1010
99

0.75

1.8

4.39
4.41
10.5
5.2, -4.9

FODO
5

21.5
10.1

30
4.5
1.24
80

40
0.3
18.4
80

10
2
5.6

49.5
62.0
350
30°
0.1

New Lattice

1.22 GeV/c
8.45 GeV/c
342.7 m

72

72

1.0 x 10%

100 mA

0.75 mm-mrad
1.8 meV-sec

11.84
11.78

10.3

~15.3 , -15.6

FODO
2

11.9 m
0.84 m

16 / 64
0.9/1.8m
1.37 T

80 mm

94

0.6 m
20.6 T/m
80 mm

64
2
48.5 T/m

49.9 MHz
63.0 MHz
350 kV
30°

0.1 sec




Table 2.2 MEB Parameters

Injection momentum
Extraction momentum
Circumference

Harmonic number

Number of bunches

Protons per bunch

Circulating current

Norm. transv. emittance (rms)
Longitudinal emittance (rms)

Horizontal tune

Vertical tune

Transition gamma

Natural chromaticities (H , V)

Lattice type
Superperiodicity
Maximum beta (arcs)
Maximum beta (straights)
Maximum dispersion

Number of dipoles

Dipole length

Dipole field (max)

Full good field aperture (H)

Number of quadrupoles
Quadrupole length

Max. quadrupole strength (B')
Full good field aperture

Number of sextupoles
Number of sextupole families
Max. sextupole strength (IB")

RF frequency
RF voltage

Synchronous phase angle
Cycle time

CDR

8.0

100
1900.8
396

364

1.0 x 1010
92

0.83

1.8

8.41

8.41

7.2

9.4 ,-9.3

FODO
6

67.2
67.2
14.2

216
5.4
1.8
80

96
0.75
22.8
80

72

4.4

62.5
600
30°

New Lattice

8.45 GeV/c
100 GeV/c
1751.6 m
368

345

1.0 x 10%°
95 mA

0.83 mm—mrad

1.8 meV-sec

9.81
9.87
8.37
-12.5 ,-12.7

FODO
2
78.1m
124.0 m
6.2 m

128
9.625 m
1.7T

80 mm

76

1.0m
22.0 T/m
80 mm

56
2
10.3 T/m

62.6 MHz
600 kV
30°

4 sec




Table 2.3. HEB Parameters

Injection momentum
Extraction momentum
Circumference

Harmonic number

Number of bunches

Protons per bunch
Circulating current

Norm. tr. emittance (rms)
Longitudinal emittance (rms)

Horizontal tune

Vertical tune

Transition gamma

Natural chromaticities (H , V)

Lattice type
Superperiodicity
Maximum beta (arcs)
Maximum beta (straights)
Maximum dispersion

Number of dipoles

Dipole length

Dipole field (max)

Full good field aperture (Hor)

Number of standard quads
Standard quad length
Standard quad strength (max)
Full good field aperture

Number of special quads
Special quad length

Special quad strength (max)
Full good field aperture

Number of sextupoles
Number of sextupole families
Sextupole strength (max)
RF frequency

RF voltage

Synchronous phase angle
Cycle time

CDR

100

1000

6000

1250

1092

1.0 x 1010
87

0.91

35

95.415
21.415

18.7

~66.5 , ~39.6

FODO
6

117
500
4.2

528
7.0
5.66
26

150
1.0
144.0
26

36

2.0 / 3.0
144.0

40

138
2
138.0

62.5
1560
30°
60

New Lattice

100 GeV/e
1000 GeV/c
5335.8 m
1121

1035
1.0 x 1010
95 mA

0.91 mm-mrad

35 meV-sec

29.23

92.29

24.2

~43.0, -32.3

FODO
6

76.6 m
267 m
41m

384
9.65 m
5.66 T

26 mm

198
1.5m
133.4 T/m

26 mm

24

1.5 /225 m
130.1 T/m
40 mm

180
2
233.4 T/m

63.0 MHz
1500 kV
30°

60 sec




The LEB is the injector that has undergone the largest relative change, with
an increase in circumference from 250 m to 343 m and a reduction in superperiod
from 5 to 2. The total straight section length has remained approximately
unchanged (5 x 12 m in the CDR ws. 2 x 31 m now) but of course it is distributed
differently. The basic goal in the redesign was to reduce the dispersion in the arcs
and to make it as close to zero as possible in the straight sections, while keeping
the transition gamma - sufficiently high. In the CDR a high-v; design was
achieved by the device of forcing the dispersion function to be large and positive
in some regions and large and negative in others, in such a way that it averages
to a small positive value. This has the disadvantage of large closed-orbit spread.
In addition, the dispersion in the CDR is quite large in the straight sections.
In the solution we present here we achieve small dispersion by having short
cells with large phase advance (close to 90°). In spite of the short cell length, we
were forced to a large circumference in order to obtain a sufficiently high ;. The
reduction of the dispersion in the straight sections was achieved with dispersion
suppressors, which were not used in the CDR design. As a result of all this the
circumference is larger and the lattice functions are smoother and smaller. In
particular, the maximum value of the dispersion in the arcs has been reduced
from about 10 m to 0.84 m. Because of the increased circumference, however, the
space-charge tune shift at injection energy has changed from —0.16 in the CDR
design to —0.22. This change is potentially detrimental; however, as we discuss
in Section 3, the tracking simulations show that this is probably not a serious
problem provided the LEB is properly tuned. However, should further studies
indicate the desirability of increasing the injection energy in order to ensure a
smaller space-charge tune shift, the present lattice could accommodate a larger
injection girder. Indeed, a possible upgrade to an 1133 MeV kinetic energy
(p = 1.847 GeV/c) linac has been recently discussed."” This would reduce the
space-charge tune shift by approximately a factor of 2. A girder design for the
present 600 MeV kinetic energy (p = 1.219 GeV/c) linac™ can be modified so
that it would still fit in the longest (6.23 m) drift space in the present LEB
lattice design."”

The MEB posed the greatest challenge for the design because of the desire
to accept particles with relatively large momentum offset (say, Ap S 30,) while
maintaining a small spread in their closed orbits. This requires small dispersion,
which, in turn, implies a large ;. In addition, in order to avoid single-bunch
instabilities, it is desirable to have the phase-slip factor not too small, which
implies that 44 cannot be close to v at injection or extraction. Since 7 = R/7,
these requirements force the radius R to be small. The lattice we present is one
possible solution with superperiod 2 and a circumference of 1750 m (compared
with 6 and 1900 m, respectively, in the CDR)). The essential modification was the



addition of dispersion suppressors, which result in a reduction in the maximum
dispersion from 14 m to 6 m. The transition gamma is now v = 8.37; since this
is very close to the value of + at injection, this requires the injection momentum
to be increased slightly from the CDR value of 8 GeV/c to 8.45 GeV/c in order
to avoid transition crossing and single-bunch instabilities. The total straight
section length is now much shorter (2 x 74 m vs. 6 x 81 m in the CDR), although
it is still adequate. Since there are now only 2 diametrically opposite straight
sections instead of 6 evenly distributed, the position and orientation of the MEB
relative to the HEB and the corresponding transfer lines described in the CDR
will have to be modified.

The CDR lattice for the HEB is acceptable from the point of view of the
dispersion; however, having redesigned the LEB, MEB and SSC,"” the HEB
lattice is no longer well matched, so we present a matched solution here. The
matching requirements demand a circumference smaller than in the CDR. In
order to achieve this while maintaining 6 relatively long straight sections, the
dispersion suppressors had to be eliminated. The dispersion remains small in
the arcs and zero in the straight sections thanks to an overall fit, but the 90°
cell structure causes the n function to have the odd shape seen in Fig. 2.3. The
circumference is decreased from 6000 m in the CDR. to 5336 m, the superperiod

remains 6, and the straight section length is slightly increased from 6 x 104 m
to 6 x 128 m.

Figs. 2.1-3 show the lattice functions for half a superperiod obtained with
SYNCH;[Z] these correspond to the numerical listings presented in the Appendix.
Figs. 2.4-6 are the layouts for the three boosters.

2.2 CIRCUMFERENCE MATCHING

It is desirable to fill each ring with an integral number of cycles from the
lower-energy ring that feeds it, since this eliminates the need for a beam chopper
and a beam dump in each transfer system. The new circumferences of the three
boosters and SSC are approximate multiples of each other, so that this feeding
can now be done efficiently. An example of the loading scenario is shown in Fig.
2.7. The kicker and abort gaps are labeled K and A, respectively. We assume
a bunch spacing of 4.76 m throughout the system; this is a good candidate for
bunch spacingm for the new 90° lattice designm of the SSC. It implies a specific
choice of RF frequencies and harmonic numbers which are the ones listed in
Tables 2.1-3. It takes 5 LEB beam trains to fill the MEB, 3 MEB trains to
fill the HEB, and 16 HEB trains to fill the SSC, after allowances for injection,
extraction and abort kickers are made. The resulting SSC filling factor is 94%,



which should be compared with the 85% implied by a comparable analysis with
the CDR lattices."™

2.3 OTHER PARAMETERS AT INJECTION ENERGY

The maximum tolerable impedances for single-bunch instabilities ) are given
in Table 2.4. These thresholds are believed to be easily achievable. Table 2.5
below shows some beam parameters at injection energy for the three boosters
assuming the parameters in Tables 2.1-3 as input."

The parameters related to the longitudinal phase space have not yet been
studied systematically. For example, it has been suggested that the accelerating
voltage in the LEB be increased to 500 kV during ramping in order to have a
large enough bucket area.™

Impedance LEB MEB HEB
Im(Z1)m—c [MQ/m] 11 (e) 6 (i) 123 (i)
long. equivalent [£)] 158 (e) 17 (i) 35 (i)
121 wave MO/ 54 (e) 36 (1) 3179 (i)
long. equivalent [£)] 786 (e) 105 (i) 906 (i)
Im(Zy/n)m—c [ 196 (e) 78 (e) 233 (e)
1Z)/nluwave [9) 3(c)  14(e)  41(e)

Table 2.4: Instability thresholds for the transverse and longitu-
dinal mode-coupling (m-c) and microwave (pwave) instabilities. The
“longitudinal equivalent” is obtained from the transverse impedance
in the preceeding line by the cylindrical-pipe formula Z)/n = (rb?/C)Z .,
where b=pipe radius and C'=ring circumference. The letters (i) and
(e) refer to whether this value is at injection or extraction energy (we
present the smaller one of the two).



LEB MEB HEB
B 0.793 0.994 1.0
v 1.641 9.064 106.6
fo [kHz] 693.5 170.1 56.18
T [usec] 1.44 5.88 17.8
o [em] 47.5 11.2 26.3
Sp [m] 4.76 4.76 4.76
By 0.25 0.059 0.14
(op/p) x 10 9.32 5.69 3.98
Nslip 3.62 x 1071 2.10 x 1073 1.62 x 10~*
vl 25.8 337 480
Gy [mm] 2.2 3.2 1.0
oy [mm] 2.1 2.0 | 0.63
Av, -0.21 -0.053 ~0.0005
Avy -0.22 -0.086 -0.0007

Table 2.5: Other parameters at injection energy. f3 is the usual
relativistic factor; fy and 7" are the revolution frequency and revolu-
tion period; o, is the rms bunch length; Sp is the bunch spacing,
which remains constant during acceleration; By is the correspond-
ing bunching factor; o,/p is the rms fractional momentum spread:;
Mslip = 17;2 — 72| is the “phase-slip factor;” ;! is the inverse of the
synchrotron tune, which is the number of turns for one synchrotron
period; the ¢’s are the ring-averaged rms transverse beam sizes; and
the Av’s are the space-charge tune shifts calculated in the smooth-3
approximation for a Gaussian bunch.
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MODIFIED LEB LAYOUT
JOHNSON/FURMAN

07 SEPT 1988

0 10
Lot

WFURMN LEB O7SEPBB LO1
FURHAN/CHAN 14SEPSB

Fig. 2.4: Layout of the LEB.
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MODIFITED MEB LAYOUT
JOHNSON/FURMAN
07 SEPT 1988

MFURMN MEB 07SEP88 LO1
FURMAN/CHAN 13SEPB8

Fig. 2.5: Layout of the MEB.
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\ MODIFIED HEB LAYOUT
A JOHNSON/FURMAN /
\ 07 SEPT 1988

Fig. 2.6 : Layout of the HEB.
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3. Tracking at Injection Energy
3.1 PROCEDURE

We present tracking results only at injection energy since the space-charge
effects are largest at low energy (we neglect the space-charge force altogether
for the HEB). These results come from first order, single-particle simulations
obtained with the kick code TEAPOT" suitably augmented to incorporate the
space-charge force."" By “first order” we mean that the effect of the space-charge
force is not fed back into the bunch shape, which is assumed to remain Gaussian
at all times with its three rms sizes determined solely by the lattice functions
at each point along the lattice. Thus this is not a self-consistent (dynamical)

calculation, and its validity is justified only a posteriori by the relative smallness
of the effect.

The space-charge force is represented in TEAPOT by kicks regularly dis-
tributed along the ring. The bunch is assumed to be three-dimensional Gaussian,
to travel so that its center moves synchronously along the design trajectory, and
to have a length much larger than its width. An ideal simulation would have an
infinitely large number of infinitely weak kicks. In practice we adopt the com-
promise criterion that the space-charge kick should have a typical strength S 716
of the typical quadrupole kick. For the specific lattice and beam parameters
considered here this implies & 2 space-charge kicks per half-cell for the LEB
at injection energy (much fewer kicks are required at higher energies, but we
maintain 2 kicks per half-cell for the LEB and MEB, which we choose to locate
at the center of every quadrupole magnet).

For the purposes of tracking we first adjust the tunes of the lattice to their
nominal values (those in Tables 2.1-3) and the chromaticities to zero (if magnet
errors are present we adjust the chromaticities to zero after the inclusion of the
errors in the data file). The observation point for the tracking simulation is at
the very end of the straight sections at the right of the half-superperiods shown in
Figs. 2.1-3, where the dispersion is very small and a; = a, = 0. We assume that
there are two RF cavities per superperiod, located in the straight sections, so
that their total voltage around the ring adds up to the voltage specified in Tables
2.1-3. Table 3.1 below shows the lattice functions and rms beam sizes at the
tracking point, and the momentum spread. Tables 3.2-3 summarize the assumed
random and systematic errors for the dipole magnets. These errors should be
considered as reasonable guesses; of course the tracking should be redone when a
more complete and reliable list of values becomes available. We do not consider
cases in which both random and systematic errors are simultaneously present.
Tables 3.4-6 summarize the tracking conditions for all cases.
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We measure the particle’s six coordinates turn by turn and obtain the Fourier
spectra with a version of the program TEVEX. " The three tunes are obtained
by measuring the phase advance and dividing by the number of turns. In order
to identify the significant peaks we find the combinations mv, + nvy + lvg with
m, n, | =integers such that |m|+ |n|+ |/| does not exceed a maximum, and
mark with a vertical line those combinations for which the Fourier amplitude
has relatively large strength, typically > 5% of maximum (if the above combi-
nation of tunes lies outside the interval (0,1), an appropriate integer is added
or subtracted to bring it to this interval; if, then, it exceeds 0.5, it is reflected
about 0.5).

LEB MEB HEB

Bz [m] 4.13 123 264
By [m] 7.26 31.4 25.5
ng [mm] 10.6 -2.31 ~0.249
0y [mm] 1541 3.371 1.503
oy [mm)] 2.045 1.700 0.467
(op/p) x 10* 9.32 5.69 3.98

Table 3.1: Lattice functions and RMS beam sizes at the tracking
point as computed by TEAPOT and used in the tracking simulations
(the a—functions vanish by symmetry). The momentum spread is the
same as in Table 2.4.

16



" Multipoles LEB & MEB HEB
as 0.06 0.41
by 0.13 1.4
a3 0.026 0.4
b3 0.025 0.2
a4 0.0042 0.07
by 0.0087 0.29

Table 3.2: RMS values of the random errors for the dipoles
assumed for tracking simulations. The a, and b, are in units of
10~*cm™™, and are taken to be 0 for n = 1 and n > 4. The values for
the LEB and MEB, which have conventional magnets, come from Fer-
milab measurements (D. Johnson note dated 5/23/1988). The values

for the HEB, which has superconducting magnets, are quoted from
the CDR, p. 252.

Multipoles LEB MEB HEB
as 0.03 0.018 0.11
by 0.065 0.039 0.45
as 0.013 0.0078 -0.07
b3 0.013 0.0075 -0.14
aq 0.0021 0.0013 -0.05
by 0.0044 0.0026 -0.33

Table 3.3: Systematic errors for the dipoles assumed for tracking
simulations. The a,, and b, are in units of 10 %cm ™", and are taken to
be 0 for n =1 and n > 4. The errors for the conventional magnets of
the LEB and MEB are assumed to be 0.5 and 0.3, respectively, times
the random errors on Table 3.2. The errors for the superconducting
magnets of the HEB are based on measured data for the Tevatron
appropriately scaled to account for the difference in bore diameter
(note from J. Peterson dated 3/20/86, quoting R. Hanft, Snowmass
1984, p. 342).

17



Fig. R. Err. S. Err. Tg Yo Ap/p Turns
2.8 X X 1.54 2.04 2.79 512
2.9 X X 15.4 20.4 2.79 512
2.10 X 15.4 20.4 2.79 4096
2.11 X Vv 15.4 20.4 2.79 4096
2.12 X X 3.85 5.11 0.00 512
2.13 X X 3.85 5.11 2.79 512

Table 3.4: Tracking simulation conditions for the LEB. ./ means
that the effect is included, X means it is not. R. Err. and S. Err. refer
to the presence of random or systematic errors in the dipole magnets. The
initial tracking point amplitudes zg and yy are given in mm and the initial

momentum offset Ap/p is in units of 1073,

Fig. R. Err. S. Err. ) Yo Ap/p Turns
2.14 X X 40.4 20.4 1.71 512
2.15 N4 X 33.7 17.0 1.71 4096
2.16 X Vv 33.7 17.0 1.71 4096

Table 3.5: Tracking simulation conditions for the MEB. Same units
and definitions as in Table 3.4.

Fig. R. Err. S. Err. T Yo Ap/p Turns
2.17 X X 15.0 4.67 1.19 512
2.18 V4 X 15.0 4.67 1.19 4096
2.19 X V4 15.0 4.67 1.19 4096

Table 3.5: Tracking simulation conditions for the HEB. Same units
and definitions as in Table 3.4.
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Figs. 2.8-2.19 show the results of tracking. The launching amplitudes zg, yo
shown in each figure are in units of meters, and Ap/p is the relative momentum
offset at launching. In all the figures showing the longitudinal phase space the
abscissa is 1000 x AT /T and the ordinate is 1000 X (ngip/27v,) X Ap/p, where
T is the revolution period of the synchronous particle, AT is the arrival time of
the particle relative to the synchronous particle, ng;p is the frequency slip factor,
and v is the synchrotron tune. The normalization factor ng;,/27v; is required
by the theory in order that the small-amplitude phase space be circular.

In general the phase space is quite linear and there is little smear due to
nonlinearities. The phase space plots for the cases with magnet errors correspond
approximately to the particle with largest amplitude that survived along the
“diagonal,” i.e., with zg/o; = yo/oy. For the LEB, where the space-charge-
effect is largest, there is a resonance that causes some phase space distortion, as
seen in Fig. 2.12. This is discussed in more detail below.

3.2 TUNE vs. AMPLITUDE: SPACE-CHARGE FORCE

Fig. 2.20 shows the operating point we have chosen for the LEB and the
tune distribution of the particles at injection energy. The tune diagram was
obtained by tracking 144 on-momentum particles for 256 turns each at various
injection amplitudes zg, yo. The solid lines have constant z( or constant yg,
and their values are g = pos, yo = ¢oy with p, ¢ = 0.1,...,10.0 (see the
figure caption for the exact values). The dashed line along the center of the
diagram was obtained from particles on the diagonal. We made the particular
choice of tunes so that the resonance 2v, + 2v, = 3 is at a fairly large amplitude
(~ 2.50) in order to minimize its effect. This resonance has the potential of
diluting the emittance as can be seen in Fig. 2.12, in which the phase-space
is clearly distorted. The resonance seems ineffective when synchrotron motion
is included, as can be seen in Fig. 2.13, although its effects may reappear in
other forms which we have not explored. Incidentally, Fig. 2.13 also exhibits
the transverse-longitudinal coupling due to the space-charge force. We believe
that this resonance does not degrade the beam quality significantly, although
we have not done a quantitative calculation of the emittance dilution, and we
have not assessed its effect during acceleration. It is quite possible that there are
other good choices for the operating point; we have not carried out a systematic
search. It should be kept in mind, however, that the particles tracked are at
the center of the bunch in the longitudinal direction, for which the effect of the
space-charge force is largest, and so is the tune shift.
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Figs. 2.21 and 2.22 show the measured fractional tunes as a function of
amplitude for the LEB and MEB, respectively, showing the tune shift due to
the space-charge force. In all cases we tracked on-momentum particles with
zg/oy = yo/oy. The slight dip at ~ 2.5¢0 for the LEB is caused by the resonance
mentioned above. If we neglect the space-charge force, we obtain almost flat
tune vs. amplitude curves, which are also shown in the figures. In this case,
the slight downcurving at large amplitude is due to the effect of the chromatic
sextupoles.

For the LEB we read off the space-charge tune shifts Av, = —0.21 and
Avy = —0.22, and for the MEB we obtain Av; = —0.060 and Ay, = —0.092.
These values are in good agreement with the “smooth-3” estimates from the
linear theory shown in Table 2.5.

3.3 DYNAMIC APERTURE

In order to determine the aperture we assume that the vacuum pipe is round
and has a radius of 5 cm for the LEB and MEB, and 2 cm for the HEB (the CDR
has oval-shape pipes for the LEB, but we assume it round for simplicity in the
tracking simulations). By scaling the radius down by the factors 4/ By ,ini/ Pmax
we obtain an ellipse which is the “physical aperture.” This ellipse would be
the approximate aperture at the tracking point in the absence of all nonlinear
effects and ¢ — y coupling. This is shown in Figs. 2.23-25 along with the 1-
o beam profiles. By tracking large amplitude particles for 512 turns (with a
spot-check of 4,096 turns) with Ap/p = 30,/p and with the errors specified on
Tables 3.2-3 we obtain the approximate boundary for stability, 7.e., the dynamic
aperture. For the cases where random errors gave a different survival aperture
than systematic errors, we display the smaller of the two apertures. For the LEB
the dynamic aperture is essentially equal to the physical aperture. This implies
that the nonlinear effects are not significant, and allows for the possibility of
redesigning the magnets with smaller bore. For the MEB and HEB the magnet
errors are important, resulting in a dynamic aperture smaller by S 20% than
the physical aperture; the corresponding “good-field” regions are approximately
equal to (indeed, slightly larger than) those specified in the CDR. Of course the
dynamic aperture should be reexamined when a more complete and reliable list
of errors becomes available.
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injected into the MEB, leaving behind 3 bunches corresponding to the kicker
gap. The MEB is filled with 5 such trains, with kicker gaps 2 bunches long, and
an abort gap 15 bunches long, etc. In each train B is the number of buckets and
N the number of bunches (filled buckets). The harmonic numbers are indicated

1 2 3 69 71 72 2
gl | eecee | || |
! - =3
X .
e =70 e &
L] '.“
i .7
] -
L] P
! B=69 .
LEBI LEB2 ®ee®® | 1EBs5 LEB1
. N=69 K=2 LT A=15
e h=368 B
: ""’,
. -
.
., B=353
! .-
MEB1 MEB2 MEB3 MEB1
. N=345 K=6 - A=50
@ h=1121 — B
: .-
!
X
. B=1071 e
.
HEB1 HEB2 | °°°°°® | HEBIG6 HEBI
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N=1035 K=9 A=297
<% h=17568 &
Fig. 2.7: Sample loading scenario. The first 69 bunches from the LEB are

by h. The resulting SSC filling factor is thus 16x3x5x69/17568=0.94.
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Fig. 2.19 : HEB, systematic errors, 10— particle.
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4. Conclusions

1. We have designed new lattices for the three boosters with linear optics
much improved from the CDR design. We have maintained the feature
that there is no transition energy crossing at any point in the system.
The overall circumference of the 3 boosters is shorter than in the CDR by
~ 1 km. However, because the superperiodicities of the LEB and MEB
have been changed relative to the CDR, the layout of the whole complex,
including the location and length of the transfer lines, has to be redesigned.

2. The filling factor of 94% is much improved from the CDR, which has a
filling factor of 85%.

3. Tracking simulations with space charge, sextupoles, synchrotron oscilla-
tions and magnet errors show that the dynamic aperture of the CDR
magnet design is adequate. The space-charge force causes a sizable tune
shift of ~ —0.2 at injection energy in the LEB, which necessarily implies
substantial resonance-crossing. In this note we have chosen a working
point so that a certain high-order resonance is at large amplitude in order
to minimize the effects of emittance dilution. The corresponding degrada-
tion of beam quality is probably not significant, although a quantitative
estimate has not been done. The effect of the space-charge on the coupling
between transverse and longitudinal motion is apparent, especially for the

LEB.

4. It appears that the thresholds of single bunch instabilities are high enough
to be of no serious concern.
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APPENDIX : Lattice Functions from SYNCH®

The following pages have a description of all 3 lattices and listings of the
lattice functions for half of a superperiod. The f functions and dispersion are
plotted in Figs. 2.1-3.

41



00000000°0 // vyvd @IXS ¥ ¥

00000000°0 // vavd  JIXS rv¥
$ TOHY oyd 0 aqa1  // DY a9 wwx
$ IOHY odd 0 a1 // OV g ¥y
ozeL o // J¥a 850  sx»
9vge 1 // A3a LSO t¥¥
9960°T1 // J¥a 9S50  xxx
o't // J¥d GS0 ¥
99621 // J¥a SO sxx
80 // Ada £S0 xxx
£zes 0 // J¥a 7S50  xxx
cvez T // Ada ISO  xxx
€0 // J¥a 00  xxx
960 // J9a O xxx
60 // = 9T wxx
81t // = a1 XY
€0 // = 0T  xxx
// JA¥a WAS ¥x¥
STTED DUV —-
04d° €4d° zdd® TJQ° TAQS TS TAQC TJ4AC T4QC T4 tdQ // TWd  1dS° 2xx
WAS %00 <240 zdd €00 Tad 1Tdd 2Zoo 14D TA0 TOO ad // TWd  oda” yxx
as 8so dgd LSO 40 40 9SO dgd Gso  ab // TR €aaq- ¥x¥
a %¥so gd €SO0 40 A0 Tso dgd TIso ad // TG ZAa” X x
agd: ddga-  // TR T4q- xxx
ay g ds an /s TN add- rxx
a0 g as a // THd  49d° ¥¥¥
00 g o // TR qa- XXX
SHANITAVAL ——
01T // = o¥d ¥X¥
OHY / 0o'tT // =  IOHY  xxx
od / oHyd // = OHY  x¥»
68€0599¢°T // = 0d  wxx
0991981°82 // = OHYd  wxx
svy's // = od ¥¥ ¥

elep S,DYT WOIl PITITPON 88 bny €7

Y0L8 XVA NOISYHA HONAS

XHTdHOD ¥OLDHLNI

0SS 40 ¥dLso0d

LZ:LT:CT 88-dAS-C
ADYHENE MOT dd3T NNY HDONAS

42



o¥d
o¥d
oydd

oy¥d
odd

oy¥d
o¥d

Y001

€001

2001

TOOT

[ 01
TdaX o1
Tax o1
Y66€C69TT €
C
C

9009L%8LT"SG
6GL9¥%52¢€°0
0628LLZL -
£€6G0%629°0

ax 01

a9 01
0LLTVWCO¥LL6D 0~
906S8Y¥6€EE6TL 0
@IXS "0
XS Y

EX¥
Xy
r¥ ¥
¥ ¥ ¥
¥y
X ¥
X¥¥
¥ %X
Y¥¥
PR
rX¥
¥ ¥
*X ¥
*X ¥
¥ ¥
EEEY
y¥¥
$¥ ¥
'Y
*¥¥

43



000000 = (z1 YOIA €608€°0 = (1 ) OEx €THIT T = (9 ) ALAd 26€00°¢ = (1 IX1Ad --- YAINIW
00000°0 = (z1 YOFA 9%98L°0 = (9 ) OAX 9Z€L6 11 = (1 ) ALAd 16268 11 = (9 YXLad --- YWI XYW
(000000 ‘8L€89°8 ) =HYOL z19zeto o =(d/da)/(s/sa)
LyvIc 0- = (d4/d4d)/inNd 000620 = A0N avy 00000000°0 = ALAHL W ISET T = SNIAVY
6L0Z€°0- = (d/da)/xnna 0009Z°0 = XNN av¥ €6Z€SHLT 0 = XLIHL W 0Z€T L = FONAMIAAWNOYID
00000°0 8€£800°0 ¥£G00°0 00000°0  9¥60°0 0000070 £608€°0 9Z€L6°TT Z2G€00°C 0006Z2°0 0009Z°0 0ZET L ao zt
00000°0 Z6TLO 0- G6ELE ZT- ¥ZE6G°0  9¥60°0 000000 1v06€°0 ZVLYZ 1T 98LLT°C €6GFZ°0 TB9ET 0 0Z€8'9 00 11
00000°0 ~Z6T1L0 0~ SZBEZ €~ CTO9EL 0  9%¥60°0  00000°0  S690%°0 19987 0T 66€8Y° T 16ZvZ2°0 90122 0 02Z09°9 g0t
00000°0 SZ6GT 0- 61681 1~ 86168 T T160°0 000000 YLPI9°0  Z9€66 € 809€T L L6961°0 ¥80ST 0 0208 ¥ 0 6
00000°0 GZ6GT 0- LEEZ9 0- TOEEV T 1160°0 00000°0  08€9L°0  90L62°Z €89VT TT L69YT°0 OTPET 0 0998°¢ ds 8
00000°0 GZ6GT 0- LEETI 0- <COLEV T 11650°0 000000 08€9L°0  90L6Z°C €89PT 1T L69VT°0 OTPET 0 0998°¢ a0 L
00000°0 ¥6800°0 80000  00000°0 TISO'0 000000 9%98L°0 £ZvIT ¢ 16268°TT 00GZT°0 000€T°0 099G € 40 9
00000°0 ¥S9LT°0 ¥ZGZ9°0 Z0EEr 2~ T1S0°0 000000 6¥8GL°0  60862°C £ROFPT TT POEOT 0 06GZT°0 0992°¢€ 00 §
00000°0 ¥S9LT°0 +¥¥9L°0 v2062°¢- TIG0°0 00000°0 68LTL°0 TLLI9 T 67090 01 60880°0 H¥ZZT°0 09€0°€ q v
00000°0 2Z680°0 60L28°1T 8Z¥LT I~ 0000°0 00000°0  006L% 0 €£€00€° L 9ZZEB € GG0Z0°0 69GL0°0 09¢2°1 0 €
00000°0 2Z680°0 TEEBE'C vZE65 0~ 0000°0 0000070 6¥S6E€°0 LTIV 1T 98LL1°C LOY00 0 8T1€20°0 0Q0DE O as ¢
00000°0 22680°0 2€€8¢°'2Z ¥ZE6S 0~ 0000°0  00000°0  6VS6€°0  LZIVZ TIIT 98LLT°2 LOY00"0 8IEZO'0 000€°0 as 1
00000°0 8€800°0 VES00°0 00000°0  0000°0 0000070 £608€°0 92€L6°TT 2G€00°C 00000°0 00000°0 000070 0
oaxd oaxa AVHATV XVHATY (W)03Z (W)DFA (W) oEx (W) AvLad (W) XvL9d ANN XON (W)s s0d
taa- /7 JXD rxx
/70 0 anNdg ¥yy
140 1ds°  // aNdL  1dSL ¥¥x

aas /7 W Td0 ¥y

44



0000070 ¥ICLT 0- 6C€VI90- TOEEY'C 62EE€°0 0000070 S6918°0 6€T8C"C €89VT 1T LT1968°0 OTPTI6°0 029C°ST 4S5 b

00000°0 ¥TZLT 0- 6E€VT9 0~ TOEEV T 62€€°0 00000°0  G69T8°0  6£I8Z°2 €89VT TT LT968°0 O0TPI6°0 0292°62 A0 €
00000°0 T8L00°0 ¥ZLOOO 00000°0  62€€£°0 000000 €LTH8°0 80€0T° ¢ 06268°TT 90¥.8°0 000T6°0 0296 %Z A0 z¥
00000°0 SZL8T 0 8LOE9 O TOEEY " 2- 6ZEE°0  00000°0 TEZIB 0  9%062°C €89%T 1T 002G8°0 06S06°0 0299 ¢ 00 1%
00000°0 GZ.L8T°0 STITLL O 2062 2~ 6TEL0 00000°0 pP269L°0  06219°C 8%090° 0T Z0LEB 0 ¥PZ06°0 0CEY ¥C g 0¥
00000670 £€6660°0 6L2V8° T 8¢YLT T- T8LZ°0 000000 ITTIS 0 865€€° L 92Z€8° ¢ 6G69L°0 69658°0 02€9°2eC 0 6¢
00000°0 €6660°0 99€0¥°¢ bZE6S°0- 1842°0  00000°0  8GLIP O G90TE TT 98LL1°2 02€SL°0 8TE€08°0 0969 12 as se¢
00000°0 €6660°0 99€0%°C ¥ZE6S 0~ T8LZ O 00000°0  8GLI¥ O G90TE TIT 98LLTC 0ZESL 0 8TE€08°0 0969 12 ao Lg
00000°0 9.%¥T0°0 890T0°0 0000070 18L2°0 000000 9%00F° 0  05060°2T 2S€00°¢C 9T6PL°0 0008L°0 096€ 1¢ as 9¢
00000°0 8¥690° 0~ Z6¥8E€ ¢~ GZE6S'O 184270 000000 £980¥°0 ¥622€° 1T 98LLT°2 TIGHL 0O 289G6L°0 0960° 12 00 ¢
00000°0 8V690 0~ LO6VEC - ZO9EL O [8L¢°0 00000°0 T9%2V°0 €TLG62 0T 65€8Y ¢ TLIVL 0 90TVL 0 0998702 g b€
00000°0 089GT 0~ 26861 T- 86TC8°T £€ET0 000000 T0829°0  00L20°¥ 809€T "L £6969°0 $80L9°0 0990 6T 0 €€
00000°0 08961 0— 6£2€9°0~ TOEEV 2 £€ET°0 00000°0  LL¥LL O 6821€°C ¥89VTTT 269¥9°0 O0T¥59°0 00€T 81 4s zg¢
00000°0 089GT 0- 6€2E€9°0- TOEEV'T £€€T°0 000000 LLYLL 0 68ZIE°CT ¥89VT TT Z269%9°0 O0THS9°0 O00€T 8T A0 1¢
00000°0 ¥9ETO°0 65500 0- 0000070 CEEZ'0  00000°0  9€96L°0  2SGZT'¢C 16268 11 60629°0 000S9°0 00€8°LT A0 o€
00000°0 TCE8T 0 ¥L6T9 0 ZOEEY 2 €€€2°0 000000 8999L°0 6850€°¢ P89VT 1T ZZED9 0 06SV9 0 00€S LT 00 6¢
00000°0 TCZEBT O 6LLSL'O y2062°2- E€€€2°0 000000 YG¥ZLT 0  TL2T9°C 6%090°0T TEQ8S 0 ¥»HZH9°0 000E€ LT 4 8¢
00000°0 68GS60°0 €GTI8'T 9Z¥LT T- TZBT0 000000 99€L%°0  8TS92 L 922€8°¢ 9902570 6956G°0 000§°GT 0 LT
00000°0 68560°0 +T€9€°¢C YZE6S 0- 228T°0  00000°0  06E£8€°0  L9ZLI'TIT 9844172 0T¥0S°0 BTIEHFS 0 O0¥9G T as 9z
00000°0 68S60°0 ¥I€9€°2 ¥2E6S 0~ 2ZBT 0 00000°0  06€8€°0  L9TLT 1T 98/1.1°2 0TH0S°0 BTEHS 0 0¥9G #T ad se
0000070 ZLLTO O 000000 0000070  ZZ8T°0C  00000°0  G699€°0 ¥8968° 1T 2S€00°¢ 0000570 0002S5°0 0%9C ¥T ao vz
00000°0 V€650 0~ ¥TE9€°2- H2ZE6S0 2Z8T°0  00000°0 9TE€LE 0  L9ZLT TI 98LL1°¢ 0656%°0 2896%°0 0v96 €T 00 €2
00000°0 PFE6G0 0~ 09L22°2—- 209E€L°0  228T°0 000000 1898€°0 08911 0T 65€80°C 9%¥Z6¥° 0 90T18% 0 ObEL €T g4 22
00000°0 [99¥T 0~ ¥G6LT T- 86TG68°'T PIPT O 00000°0  66TLS°0 16096 € 809€T° L LGOPE 0 ¥80TV 0 O0beE6 1T 0 12
00000°0 £99%¥T 0- 6€¥T9°0- ZOEEP'C YIVI 0 00000°0  9Z60L°0 6€182° 2 €89VT TT LT96€°0 OTV6E€°0 0866 0T A4S 02
00000°0 L99%T 0- 6€VI9 0~ CZOEEV T YIVI 0 0000070  9260L70 6£182°C €89VT 1T LT96€°0 0OIV6E 0 0866 0T 40 61
00000°0 L¥600°0 HZL00°0 0000070 YI$T°0  00000°0  9662L°0 80£0T"°C 16268 1T LO¥PLE 0 0006£°0 0869 0T 40 81
00000°0 00S9T°0 8L0€9°0 TOEEY ' 2- +I¥T°0 0000070 $9€0L°0 9906272 €89VT TIT 002G€°0 06S8€£°0 086€° 0T 00 LT
00000°0 00G9T°0 GITLL O $2062°2- VYI¥T 0 000000 69699°0  062T9°¢C 8%090°0T ZOLEE 0 $¥C8E0 0891°0T 4 97
00000°0 89LL0°0 6L2¥8°1 8ZHLT T~ 0%60°0 00000°0  9SL%¥°0 86GEE"L 9ZZ€8° ¢ 65692°0 69S€€°0 089¢€°8 0 ST
00000°0 89LL0°0 99¢£0¥°¢ ¥ZE6G° 0~ 0¥60°0 00000°0  98VLE'0  S901€°TT 98LLT ¢ 0ZE€SZ"0 8TI€8Z 0 02EV L as #1
00000°0 894/0°0 99€£0¥v°C $2€6G° 0~ 0¥60°0 0000070 98%.€°0  G90TE TT 98LLT°Z 0ZESC 0 B8TEBZ 0 0CEV L ao €t
0000070 ¥8000°0 890T0 0 00000°0 046070 000000 PTE9€°0  06060°CT 26€00°¢2 9T6¥%¥2°0 00092°0 0ZET L ao z1
00000°0 G6GL0°0- 26V8E€°¢- ¥CE6S°0  0K60°0 000000 GEVLE O $622€° 11 98LLT°2 TIGYZ 0 T89€Z 0 02€8°9 00 TI
00000°0 G6GL0 0~ L0O6¥T 2~ Z09€L°0 OVED'O 0000070  Z8T6€°0  2TILSZ 0T 6G€8Y°2 TLTPZ 0 90T2Z2°0 020979 d 0T
0000070 LZE9L 0- ¢686L 1~ 86158 T GIS0°0 0000070 ¥8909°0 00420 ¥ 809€T L €G961°0 ©80GT 0 0208 ¥ 06
00000°0 [ZE9T 0- 6£2E9 0- TOEEH T GIS0°0  00000°0  L96GL°0  68ZI€°¢C P8OVT 1T 269%T°0 OTPET 0 09987 ¢ 4S8
00000°0 [LZE9T°0- 6€Z€9°0- TOEEH T GIS0°0  00000°0  L96GL°0  68ZI€°Z P8OFT TT 269%T°0 OTHET 0 0998°¢€ A0 L
00000°0 9Iv00°0 65500 °0- 0000070 SIG0°0 00000°0  99€8L°0  28G2T°C 16268 TT 60S2T°0 000€T°0 0996°¢€ A0 9
00000°0 ZETLT 0 #%L6T9°0  Z0ELCH - GISO0°0 00000°0  0TLSL'O 6850€°2 €89%T 1T ZZEOT'0 06SZT°0 0992 ¢ 00 §
00000°0 ZETILT 0 6LLSLO 2062 2Z- GSTS0°0  00000°0  6LLIL O  2lLZZ9'C 6¥090°0T T€E880°0 ¥b2CT 0 09€0°€ g ¥
00000°0 00¥80°0 €GTI8'T 8Z¥LT T- 0000°0 00000°0  6Z88%°0 81692 L 9zZE8 € 99020°0 69GL0°0 09€Z°T o€
00000°0 00¥80°0 ¥TE9€°C ¥ZEES 0~ 000070 00000°0  L960%°0 L9ZLT IT 98LLT°2 0T¥00°0 8T€Z0°0 000£°0 as ¢
00000°0 00¥80°0 VT€9€°2C ¥Z€66°0- 0000°0  00000°0  L960¥°0 L9ZLT 1T 98LLT"C 0T¥00°0 8T€20°0 000€°0 as 1
0000070 00000°0 0000070 00000°0  0000°0  00000°0 £TL6€°0 ¥8968° 11 26£00°2 00000°0 00000°0 0000°0 0
OaAd daxa AVHAIV XVHJ TV (W) Oz (W) 0@ A (W) 0ax (W) AvLag (W) Xxviad ANN XNN (W)s S0d

Tds™  NYHL SNOTLON(d NOWLVILAIH
T Hovd

45



0000070 60S8T°0 8L0£9°0 Togey ¢—- TCILO 00000°0 ¥LL08°0 9v062°¢ C89VITT 00268°T 06S¥6°T 00617 €S Q0 68

00000°0 60S8T°0 STTLL O yeo6z ¢— TZTL'0 00000°0 LTG9L°0 0621972 8%090°0T ZOLES T BvEZv6 T 0096°2S d 88
0000070 9..60°0 6L2%¥8°T 8ZYLT T- SLS9°0 00000°0 €60TS° 0  86G€E L 922¢€8° ¢ 6G69L°T 69568 T 0091 1S 0 L8
00000°0 94L60°0 99€0¥°¢C VZE6G 0- SLS9°0 00000°0  Z¥6TP 0  S90TE TIT 98L11°¢ 02€SL°T 8TEY8 T 0¥e2Z 0§ as 9s
00000°0 9LL60°0 99€0¥°¢ $2€65°0~ GLG9°0 00000°0  2¥6TH 0  G90TE"TIT 98.L1°2 0ZESL T 8TE¥8 T 0HZZ 06 ao <8
00000°0 €1ZT0°0 890T0°0 0000070  GLS9°0 000000 Z0€0v° 0  05060°¢T 26€00°¢ ST6VL"T 000Z8°T 0¥Z6 6% ao ¥8
00000°0 €L2L0°0- Z6¥8E"Z~ GTEES 0O GLG9'O 000000 LOZTY 0 yeeee 11 98LL1°2 TIGVL T 28964 T 0VZ9 6% 00 €8
00000°0 €4ZL0°0- LO6VZ Z- CO9EL'0  GLG9'0 00000°0 6L82v°0 €TLGTZ 0T 6G€8%°2 TLIVL T GOT8L T O0b6€ 6V d 28
00000°0 G0091°0- T686T T- B86IG8'T 0CI9 O 000000 $08€9°0  00L20°V¥ 609€T" L €G969°T ¥80TL T 0b6S LY 0 18
00000°0 GO09T 0- 6£2£9°0- COEEY T 0219°0 000000 G8LBL 0  68ZTE°C P89PT TT 269%9°T O0OT¥69°T 0859 9P A4S 08
00000°0 GS009[ 0- 6£2€9°0- ¢COEEV T  0CI9 0 000000 G8L8L°0 6821¢€°2 P89V TIT 269%9°T OTV69 T 0869 9V 40 6L
00000°0 6CET0°0 65500°0- 00000°0  0ZI9'O 000000 86608°0 266212 26268 1T 60G29°T 00069 T 08S€ 9% 40 8L
00000°0 8.58T°0 VL6T9°0 Z0EEY"2- 0¢IS°0 00000°0  966LL°0 6850€°¢C P89VT 1T ZCE09°T 065689 T 0860 9% 00 LL
00000°0 8LG8T 0 6LLSL O ¥2062°2- 021970 0000070 €CLEL O  TLZTY9'C 640907 0T T€88S°T ©bZB9 T 0828 S¥ g 9.
0000070 S¥860°0 €STI8 T 8ZHLTI T- 0096°0 000000 YLI8Y 0 81692 L 9ZZ€8° € 990ZS°T 69S€9°T 0820 bt 0 SL
00000°0 S¥860°0 +$TE9€°C yZE6S 0— 009S°0 00000°0  6S68€°0 L92LT TT 98LL1°C 0TYOS T 8T€8S°T 0260 €b as ve
00000°0 S¥860°0 ¥IE€9€'2 ¥2€6S 0~ 009670 00000°0  6S68£°0  L9ZLI TT 984112 0Tv0S T 8TE€8S'T 0Z60°€F as ¢t
00000°0 9TI6T0O°0 000000 00000°0  009S°0 00000°0  ¥02LEO $8968° 1T Z2GS€00° 2 0000S°T 0009S°T 0Z6L°C¥ ao ¢t
00000°0 €6850°0- ¥T€9€°Z- +2€6S°0  0095°0 00000°0 86LLE'O0  LSZLT TIT 98LLT°¢C 06S6v°T Z89€S°T 0C6¥ TP 00 T¢
00000°0 €6850°0~ 09422 2~ 2ZO9E€L°0  0095°0  00000°0 €GT6€°0  089TT 0T 66€8Y°C 9vZ6t T GOTZS T 0Z9Z°¢ev g4 0L
0000070 GZ9VL 0- ¥S6L1°1- 86I68°T 681570 000000 L6GLS 0 [G096 € LOYET L LSOVY T #80Sv° T 0C9% Ob 0 69
00000°0 S2Z9bT 0- 6€VT9 0~ TO€EV T 681670 000000 982TL'0  6£182°C €89VT"TT LT96€°T OTPEV T 0926 6€ 4S5 89
00000°0 GZ9%T 0— 6EHTY 0- TOEEV T 681570 000000 982TL°0  6€£T82°C €89%T TT LT96E€°T OTVEV T 0926 6€ 40 19
0000070 +%90T0°0 ¥ZL00°0 00000°0 681570 000000 TEEEL 0 80E€0T° T 06268 1T 90¥L€°T 000€% T 0922 6¢ 40 99
00000°0 ¥899T°0 8L0£9°0 TOEEY 2Z- 68TS°0  00000°0  GS90L°0 9v06¢2 "2 £€89FT 1T 00ZS€° T 06SZF T 0926 8€ 00 §9
00000°0 $8991°0 GTTLL O y2062 2~ 681570 0000070 LT899°0 0621972 8%090°0T 20LEE T v¥ZZP T 0969 8¢ 4 v9
00000°0 2S6L0°0 6L2¥8°T BCVLT T~ €TLV°0 000000 €L9%F°0 86G€E° L 9Z2€8° ¢ 66692 T 69GL€°T 09687 9¢ 0 €9
00000°0 ZS6L0°0 99€0¥%°C PZEES 0- E€TLV O 00000°0  0€ZLE O G90TE TT 9844172 0Z€SZ°T 8ILZE'T 0096 S¢ as z9
0000070 2G6L0°0 99€0¥°2 Y2E6S 0- €TLV 0 00000°0  0€ZLE 0  G90TE"IT 98LLT"¢C 0Z€GZ°T 8T1€ZE°T 0096 °G€ ao 19
00000°0 8ZEOO 0 890100 0000070 CTLb0 00000°0 ¥66GE°0 05060721 26£00°¢2 CT6HZ T 0000€°T 0099 °6€ ad 09
00000°0 GLZL0°0- Z6¥8E°C— GZE6S 0 ETLV O 000000 TE0LE O y6eCe 1T 984417 ¢ TISYZ T 28942 1T 009€°S€ 00 66
0000070 GLZL0°0- L06%¥Z 2~ 209E€L°0 €TLY 0 000000 $048E°0 €1L62°0T 65€8Y°C TLTHPZ T 601921 O00€T"S€ a4 8§
00000°0 L0O9T 0~ 2686T T- 86TS8'T G620 0 000000 2€96S°0  00L20°% 609€T" L €G96T°T %8061 T 00€€ €€ 0 LS
0000070 LOO9T 0~ 6£ZE€9 0~ ZOEEH T S6ZV°0 0000070 VIO¥L 0  68TIf’C P8OVT 1T T69YT T OTVLI T oOb6g 2€ d4S 9¢
00000°0 L009T 0- 6E£2€9°0- COEEV"T G62%°0 000000 PI9VL 0 682T€°C $89FT TT 2EOVT'T OTVLT T 0b6g g 40 6§
00000°0 LEVOO 0 66500 0- 00000°0 G621 0 00000°0  T96SL° 0 26621°¢ 26268 11 60SZT T 000ZT°T 0V60°CE 40 ¥¢
00000°0 €589T°0 ¥L619°0 ZOEEY 2~ G6Z¥ 0  00000°0  GSE¥L 0  6850€°¢C y89PT TT 22€0T°T 0669T T O¥6L TE 00 €5
00000°0 €589T°0 6LLGLO $¥2062°2- S6ZF°0 00000°0  6Lv0L°0 21422972 6409001 T€880 T vPZOT T 0OV9S IE a4 26
00000°0 TZT80°0 €STI8'T 8CYLT T- 68LE°0 00000°0 TE08F 0 81592 L 922€8°¢€ 99020°T 69STT'T 0¥9L° 62 0 1§
00000°0 TZIBO 0 HT€9€°2 PZE6S 0~ 68L£°0  00000°0  OEHOV O L9ZLT TT 98L.T1°2 OT¥Y00 T 8T€90°T 0828 82 as o6
0000070 TZT80°0 +vIg9e"¢ Y2E6S°0- 68LE°0  00000°0  0E€EVO¥ O L9CLT 1T 98441°¢ 0TH00 T 8T€90°T 08¢8°8¢ ao e6v
00000°0 SLTIOO0 0- 0000070 00000°0  68LE'Q 00000°0  S¥Z6E€°0 ¥8968° 1T 25€00°¢ 00000°T 000¥0°T 0826 8¢ ao sy
00000°0 T8%80° 0~ YIE9E€ 2~ HZEES 0  68LEO 00000°0  9€S0V°0  £L9TLT IT 98L11°2 06566°0 289T0'T 082Z°8C 00 Lt
0000070 T8H80°0- 09422 °2- ¢09€L°0  68LE'O 00000°0  LB¥Z¥ 0  089TT OT 65€8Y° ¢ 94Z66°0 SOTO0 T 0866 LC g 9y
0000070 ¥TZLT 0~ ¥S6L1L T~ B86158°T 6LEET0 000000 £8559°0 [5096° € LO9ET L LS9V¥6°0 ¥80€6°0 0861 9 O Sh
OdaAd odxd AVHA'TY XVHATY (W)0az (W)OFA (W) oax (W) AVLAY (W)XVvdLad ANN XNN (W)s S0d

1dS*  NYHL SNOILONMNI NOULVLAY

46



00000°0 00000°0 00000°0 00000°0 8609 T  00000°0 ETL6€°0  ¥8968°TT 2GE00°2 GI688°S T00Z6°G 9GGE TLT  T43¥ 62T
00000°0 00000°0 G0O000°0  00000°0 6%08°0  00000°0  T0ZIO'0  T¥O¥T L €211 ¥ 8S¥¥6°2 T0096°C 8LL9°G8 WAS 821
00000°0 00000°0 00000°0 000000 6%08°0  00000°0  TO0ZIO'0O  T¥O¥CT L €2T2T ¥ 86vY6°C T0096°C 8119768 y00 LTI
00000°0 00000°0 6VOEV 0  TE9GL°0  6%¥08°0  00000°0  TOZTO'C  TZZ8S'8 658L%°9 986.8°2 G69589°¢ 6096728 zd0 921
00000°0 LTITOO0'0 €92G€°T  2G€9T°0  6¥08°0  00000°0  €8TT0°0  66TTT'6 92LSL 9 GYVL8°T LL6V8 T 6097°¢8 240 szt
00000°0 O0ELO0 0 EBVEV'C y28bv 0~ 6V08°0  00000°0  TE€ITO'0  9ZLET 0T 1074979 8¥698°¢ 692v8°¢ 6096°18 €00 v2I
00000°0 0€200°0 L€88L°E€  0€880°0- 6%08°0  00000°0C  TLY00'0  G9€89°TC $186S°6 £58¥8°2 T968L°C 6096 64 a0 €21
00000°0 68000°0 902vZ T- ¥%L2ETZ'T  6¥08°0  00000°G  $2900°0  LO¥O¥ €X 6T¥€6°6 6¥9¥8°2 vZI8L°C 6099 6L Tad zet
00000°0 S¥000°0- ZI¥S6°S- 9OLE€88°C  6%08°0  00000°0  LT900°0  T¥LGZ TT L8ZVT L LEVYYS T €8€LL°C 609€ 6L zZ00 121
00000°0 G¥000 0- 8G¥2G5°2- 92Z6%'G  6408°0  00000°0  80L00°0  TO00E'¥ 06768 €2 €80T18°Z LE€6¥L°C 609€ LL 140 02T
00000°0 L8000 0 TI82¥¥ T- 6ES¥6°0  6¥08°0  00000°0  TOLOO'O  €9T€L"€E L2€98° 52 89.L6L°C 9¥LVL Z 60907 LL 140 671
00000°0 STIZ00°0 2Z0Z69°0- OFEOTI8 €- 6%08°0  00000°0 9G900°0  €620S5°C 82.86 2 £Y08L°C 09S¥L°T 609L°9¢L TOO 81T
00000°0 &T200°0 LLL9€'Z  9T¥6S G- 6%08°0  00000°0  09%00°0- ZLOBT'TIT GG8LT T 69L6%°C 8LT29°2 285 TL ao LIt
00000°0 6TE€00°0 88200°0  6.000°0- 6%08°0  00000°0  6€S00°0- 8TLO6°TT TLE00°Z 65€6P°C 0986572 ¥Z8T TL av ortt
00000°0 EPVOO°0 <TLZO9E T~ BEZES0  6¥08°0  00000°0  €5900°0- €0V8T'TI 9641172 0668b°2 C¥GLSZ  ¥Z86 0L 850 GIT
00000°0 E£¥¥00°0 8LLEG T- 620¥0°T  6¥08°0  00000°0  €L600°0- L06L0°8 yE9SE"€ OVLLY T 6€2ES°C 092 0L ad vIT
00000°0 TZ6€£0°0- LZ8TV T- G¥86S°T  TG08°0  00000°0 T6G00°0  SLGG0°S 9%0EL" S Tevsy 2 T1666%v°C ¥$09€°69 LSO €11
00000°0 TZ6L0°0— TEEZ9°0- T¥9€P T  1S08°0  00000°0  €Z8S0'0  SOTEE'C 020111 9€T6€°2 SLCLY T 8520789 a0 211
00000°0 TSGZ0°0- 8LG00°0  8ELO0°0  TS08°0  00000°0  66L90°0C  696¥1°C CIL¥8° 1T PL69€°C €989%°C 8SZL°L9 A0 111
00000°0 8TIOTO 0- 0¥9€9°0  TS0ZF Z- TG08°0  00000°0  LEELO O  6TBEE'T T6S0T 1T yI8VE T 2ZSPOV T 86TV LO 980 0TT
00000°0 8T0T0 0- LZTLZ'T  L6L9L°T- TS08°0  00000°0 €I¥8B0°0  €6€SE° ¥ LEOBY "9 £¥v6T°C V6bVP Z  269E£°99 46 60T
00000°0 Z8€G0°0- 0GL6L°T  TE€ZTIZ T~ O0T08°0  00000°0  T6ZTT0  9¥8TIT L 96866° € 86892°2 OTLI¥ 2 T69F°G9 GSO 80T
00000°0 TB8ES0 0- LBT6E'T €L¥65°0- O0T08°0  00000°0  €499T°0  ZBLOE'TT 1616172 180622 9229€°2 269V %9 aov Lot
00000°0 8.060°0- 8¥000°0- 0%000°0 O0T08°0  00000°0 0€88T°0  G90%0°2T 92LT0°¢ 9/9%2°2 ¥TZ6EET 2691 19 ao 901
00000°0 B8VEELT 0- TLZ6E°Z- €9666°0  0T08°0  00000°0  LLITZ O  LZLOE'TI Tvz6T"2 TL2¥2°T TZOTE T 26987 €9 ¥SO GOT
00000°0 8PEET 0- VESY9 T- €TTLE'T  0T08°0  00000°0 6¥68E°0  90E€C9 0TG99 ¥ 648122 S6IST ¢ 9219729 g4 Vo1
00000°0 ZTILLT 0- 8%LTIT I- 0T8Z6°T TI8L'0  00000°0  1TZ6ZS'0  GIPVL'E 9€vE9 L L688T°CT 98L2Z2°C 9CTL'T9 €50 €01
00000°0 2TLLT 0- 669€9°0- GbeZv 'z  TI8L 0  00000°0 T16049°0  860VvE°C 6LPTT TT ZYSyT-C zobTZ 2 9216709 40 2ot
00000°0 61820 0- 20900°0- <ZKEDO 0O- TIBL 0  00000°0  L8TOL 0  €LTIST'C 86968 1T G8ETTT T16602°C 9219709 40 10T
00000°0 962ZT°0 GEE€Z9°'0 e¢v9ek-2- TIBL 0  00000°0  ¥9.89°0  E€0€€€°C 980TT 1T 22012 64502°2C 92T€°09 Z2S0 00T
00000°0 962Z2T°0 ¢L8TT'T  O9LTT6 T~ TI8L°0C 0000070  €9586°0  96T8L € €686%° L G0LG0"CT 92T61°¢ €08V 6S 44 66
00000°0 268L0°0 T9T¥9'T  GZESE T- 9LSL°0  00000°0 00S6% 0  ¥969C°9 G609S ¥ 9%L20°C 8999T1°2 €085 8§ 150 86
00000°0 268L0°0 VIE9€°2  GZE6S 0O- 9LGL°0 000000  8€86E€°0  LOZLT'TT 98/.L1°2 0T¥00°2 8TE0T"Z 09SE€°LS ao Lé
00000°0 98200 0- 00000°0  00000°0  94G.°0  00000°0  %0L8E°0  ¥8968°II ZGE00° T 00000°2Z 00080°2 0950 LS ao 96
00000°0 28¥80°0- VIE9E€°2Z- ¥ZE6S'0  94SL°0  00000°0  2T00V'0  L9ZLT'TI 984LT°C 06566°T ¥8950°C 096L°96§ 00 S6
00000°0 28%80°0- 09L22°2- ZO09EL°0  9.GL°0  00000°0  €96T%¥ 0  089TT 0T 6GE8Y T 9%266°T GOTV0O 2 0925795 g b6
00000°0 ®TZLI 0- ¥S6LI'T- 86TIG8°'T  TZIL 0  00000°0 6S0S9°0  TS096°¢€ LO9ET L LG9%6°T ¥80L6 T 09ZL ¢S 0 €6
00000°0 HTZLT 0- 6EHPTO°0- TOEEHP C  TZTIL'0  00000°0 TLIT8'0  6€I8T Z89VT 1T LT968°T 0OT¥S6 T 0064 €S 4S 26
00000°0 YIZLT 0- 6E£FT9 0~ TOEEV T [2T.°0 00000°0 TLIT8' 0 6€£I8Z°C Z89¥T 11 LT968°T OT¥S6'T 006L €S a0 16
00000°0 69900°0 VL0070  00000°0  LZIL*0 000000  999€8°0  8OEOT'C 06268 1T 90¥.8°T 000S6°T 006 €S 40 06
ORAd DAXA AVHATV XWHATY (W) OU% (W)BAA (1) 0ax (W) AYLae (W)xvaiad ANN XON {(W)s s50d

TdS°  NYHL SNOILON(ld4 NOHLV.LAY
€ aovd

47



'S 0 ‘0% 82T O sgia1 // 1 Zz ddd 11d ¥

TO+H602€2CLT  0~= ASH 00+dPE0SETB8 0 = ASH ————- SHLONAYLS dT0dNLXAS
00000°0 = (62T )OAX €L600 0- = (¢TT )OEX 80€0T°¢C = (871 ) ALdd Z2G€00°2 = (62T )xiad --- VHINIW
000000 = (g21 )0IX €LTI¥8°0 = (zv ) 03X L9V9V €2 = (ze1 )aAnag LTE98°GC = (61T )Xidd --- YHIXVH

(000000 ‘6TLTE 0T )=HVDL - 9Y6£600°0 =(d4/d4a)/(s/sa)
96€£09°6T- = (d/d4d)/AnNd 0€84L°TT = ANN avyd 00000000°0 = ALIAHL W ehvS S = SNIavy

9L9%€° 6T~ = (d/dd)/XNNa 0098 TT = XN avy [€S8T€8T°9 = XLAHL W ¢TTIL ¢ve = dONTIHAWNDAUID



SYNCH VERSION VAX.8704

MEDIUM ENERGY BOOSTER OF SSC INJECTOR COMPLEX
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SYNCH VERSION VAX.8704

COMPLEX

HIGH ENERGY BOOSTER OF SSC INJECTOR

HEB
16

SYNCH RUN
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8-AUG-88

8 Aug 88 Modification of LKC's data
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