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Considerations of bunch- ing options for multi-bunch
operation of the Tevatron collider

G. Dugan
December 14, 1989

0. Summary
This discussion will consider a number of poinis relevant to
limitations, advantages and disadvantages of various arrangements
of bunches in the Tevatron proton-antiproton collider. The
considerations discussed here will be limited to: (a) bunch spacing
symmetry and relation to the relative luminosity at BO and DO and
the beam-beam interaction with separated beams; (b) bunch spacing
constraints imposed by Main Ring RF coalescing and the optics of
beam separation at BO and DO; and (c¢) bunch spacing constraints
imposed by injection and abort kicker timing requirements, and by
the Antiproton Source RF unstacking process.

1. Introduction

The pattern of bunches assumed in this report will be
described in terms of the following definitions:

A batch is a group of equally spaced n; bunches, where ny is

greater than or equal to 1. The bunches in a batch are all spaced at
the minimum spacing lg (in RF buckets), as shown below in Fig. 1:
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Figure. 1: A single batch



The total length of a batch is lp= (n1-1)lp.

The spacing from the end of one batch to the start of the next is
the quantity 17 (in RF buckets).

For purposes of injection, we consider all the bunches in a
batch to be injected into the Tevatron at the same time (i.e., on a
single Main Ring cycle).

We assume three-fold symmetry, so that we fully describe the
ring by specifying 1/3 of it (in section 2, the consequences of
breaking this symmetry are discussed). The number of batches in
1/3 of the ring is the quantity ny. The number of buckets from the
end of the last batch to the end of the 1/3 ring is labelled I2; in
general, this is different from 17. Because there are I = 1113/3 = 371
buckets in 1/3 of the ring, we must have:

Is = (np-Hl1 + m2lp + I2 = na(n1-1)lp + (n2-1)11 + L2. (1)

The total number of bunches in the ring is B=3nin3. One-third
of the ring can be represented by the diagram shown below in Fig. 2:
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One-third of the ring
h o 5

Figure 2.

The entire ring is represented in Fig. 3. In this figure, the
symmetry points in the bunch pattern (which must correspond to the
centers of the B0, DO and FO straight sections) are located a distance

lc = 172(1s-12) = 1/2(n2lp + (n2-1)11)
from the beginning of the "1/3 ring" pattern. This is illustrated in Fig.

3. This also implies that AO is in the center of the gap formed by the
1 empty bunches between FO and BO.



deb j40qe ay] Burmoys Buld ((n) a8yl :g aJnby4

deb jJoqy
T|U—|'r U_|'r
z z Z
mammnbivesce M8 A1 NP I P Y s P T I P Y e 1L AR PINEY A PR RO
I B e BT | I I I N I B UL e
ysleg  uysleg Uieg  UsiEd  udieg yneg  uoleg usleg  u%eg  ysjeg usleg  ualed uxeg  uYeg  yoleg
— ||t -1t -
- teg = % leg= 5 g =%
Buja 1ny 8yl ¢ adnbig
oY
z
0ad 04 ..l|||_ 04
—— —— —
z Z z
e L L g e, L TN i M TN I DR TN IS
A ) S e e T K | T e 0 e
yajeq yoieg yaeg yajeg yateg yoieg yaeyg yoigg yoyeg yojeg Uileg yseg yaeqg yziey yajeg
VT ce- Ty 125 = %




L

The entire ring can also be represented by the diagram shown
in Fig. 4 below, which corresponds to the specific case of np = 1:

FO

I /'

Figure 4: The entire ring

2. Symmetry considerations and the abort gap

The above discussions illustrate a situation which is completely
three-fold symmetric. (It is assumed that the bunch pattern is
identical for protons and antiprotons.) There may be reasons to
break this symmetry. A gap in the bunch pattern is required for the
abort kicker at AO to rise when beam abort is necessary. This gap is
called the abort gap (its length in RF buckets will be designated I,).
In a three-fold symmetric situation, it is naturally provided by the 12
empty buckets whose center is located at AO, as shown in Fig. 3. The
same gap can also be used to load the proton and antiproton bunches
into the collider at 150 GeV; it is repositioned appropriately for
injection by the injection point cogging hardware. Although the
injection kicker rise times are determined by the minimum bunch
separation, independent of the abort gap, the fall times are related to
the length of the abort gap (see section 5 for a more detailed
exposition). The quantity 1 naturally gets smaller and smaller as the
number of bunches increases, for a fixed minimum bunch spacing.



>

For large numbers of bunches, then, in order to ease the
requirements on the injection kicker fall times and the abort kicker
rise time, one may consider artificially lengthening the abort gap.
This can be done by leaving out some of the bunches in the two
batches on either side of the lp empty buckets whose center is
located at AQ. This is shown diagrammatically in Fig. 5.

Deletion of the bunches from the two batches must be done
symmetrically about AO in order to preserve the symmetry about
this point required by the abort kicker. If we leave out ng bunches in
each batch, the number of empty buckets added to the abort gap is g
= nglp on each side. In this situation, the abort gap is extended to l; =
12 + 2g. This situation will be referred to as the "symmetric extended
abort gap". It provides more time for the injection kickers to fall and
for the abort kicker to rise but breaks the three-fold symmetry of
the bunch pattern.

There are several consequences of a break in the three-fold
symmetry of the bunch pattern; they are all related to how the
bunches interact. The pattern of interactions of the bunches when a
symmetric extended abort gap is present is illustrated in Fig. 6
below;

FO

Proton gap:
Antiproton gap:

Figure 6: Three batches with an extended abort gap



This figure corresponds to the specific case of n2 = 1, as in Fig.
4. However, the general remarks regarding the consequences of a
break in the three-fold symmetry due to a symmetric extended
abort gap are well illustrated by this situation. The batches are
labelled 1,2,3 for the protons and 1, 2, 3 for the antiprotons.
Initially, as shown in fig. 6, we have collisions of batches 1x 1 at BO
and 2x 2 at DO. After 1/3 of a turn, the situation is as shown in fig.
7:

FO

Figure 7: Figure 6 after 1/3 turn

This figure corresponds to batches 3x 2 colliding at BO and 1x 3

colliding at DO, After another 1/3 of a turn, the situation is as shown
in fig. 8:



Figure 8: Figure 6 after 2/3 turn

Here we have batches 2x 3 colliding at BO and batches 3x 1 colliding
at DO.

In order to evaluate the number of bunches colliding at BO and
DO in each of these situations, it is useful to refer to Fig. 9. This figure
is essentially a space-time diagram for the batches shown in figs. 6
through 8 above. Space (distance around the ring) is plotted on the
horizontal axis, and time (in units of ring revolutions) is plotted on
the vertical axis. Proton batches (1,2,3) move diagonally up to the
right in this diagram, and antiproton bunches (1, 2, 3) move
diagonally up to the left. Each batch is delineated by a band between
two cross-hatched thin lines; the batch centers are shown as dotted
lines. The dark cross-hatched areas indicate the regions associated
with a symmetric extension of the abort gap. The intersections of the
proton and antiproton batches at BO and DO are shown by the dark-
outlined diamonds, which are labelled to show which batches are
intersecting in each case.

The number of bunches which collide in each of the diamond-
shaped regions is proportional to the length of the line along the time
axis not included in a dark cross-hatched area (where there are no
bunches). A diamond with no dark cross-hatching (e.g., the diamond
"2x 2" at D0O) corresponds to nj bunches colliding (the total number
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of bunches is B=3ninp, and np = 1). For every cross-hatched region
appearing in a diamond, we must subtract ng bunches from n;. Using
these rules, we can make Table 1 showing how many bunches collide
at each batch intersection and at each collision point:

Batch crossing Collision Point Number of bunches

colliding

3x 2 BO ni- ng

2x 3 BO nj - ng

1x 1T BO ni - 2ng

TOTAL BO B - 4ng

1x 3 DO nj - ng

3x 1 DO ni- ng

2x 2 DO ng

TOTAL DO B - 2ng

Table 1: Numbers of bunches colliding at BO and DO for each batch
crossing with a symmetric extended abort gap

Note that for the first two batch crossings at DO, although there
are two gaps one only looses ng bunches each time because the gaps
"collide”. The total number of bunches colliding at each interaction
point is just the sum indicated in the above table, where we have
used B=3ng.

For a fixed proton bunch intensity, the luminosity at each
interaction point is proportional to the number of bunches colliding
(Bc) times the antiproton intensity per bunch I\Tp : that is, L e I\TPBC_
Without the symmetric extended abort gap, B = B and Np = P/B,
where P is the total available antiproton intensity; hence L o P,
With a symmetric extended abort gap, the number of bunches is now
B - 2ng (since we leave out 2ng bunches) and therefore I\Tp = P/(B
- 2ng ). Using the values for B from the above table, we conclude
that the luminosity at DO with a symmetric extended abort gap is L
e« P(B - 2ng)/(B - 2ng )= P. This is the same as without an extended
abort gap. However, at BO the luminosity is L « P(B - 4ng) /(B - 2ng )
= P_Rg, where Rg= (B - 4ng)/(B - 2ng ) = 1 - (2ng)/(B - 2ng ) < 1.
Hence one consequence of a symmetric extended abort gap is a
reduction in the luminosity at BO (but not at DO) from the case of no
extended gap by the fraction Ry
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Another consequence of the break in the 3-fold symmetry due
to the symmetric extended abort gap is related to the beam-beam
interaction. This can also be seen by looking at Fig. 9. If we consider
one of the proton bunches in, for example, batch number 3 as it
travels around the ring starting at FO, the encounters it makes with
antiproton bunches in batches I, 2, and 3 can be seen clearly in
Fig. 9 by simply following the diagonal band corresponding to proton
batch 3 upward to the right. We can see that a proton bunch in this
batch will see nj antiproton bunches at each antiproton batch
crossing except for the crossings near A0, C0O, DO and FO (where the
proton bunch encounters an extension of the abort gap and so misses
ng bunches each time). Because the beams are separated except at
the exact centers of the BO and DO IR's, in all cases these "misses"
would be misses of long-range beam-beam interactions. Hence a
proton bunch in batch 3 has 2 head-on and (6n;-4ng -2) long-range
interactions per turn.

Similarly, we can follow an antiproton bunch in batch 2
starting from DO: it misses ng proton bunches at CO, B0, FO and EO
due to the extended abort gap. These are all long-range interactions
except if the antiproton bunch happens to be one of the ng bunches
on the left edge of batch 2 in Fig. 9: in this case, one of the proton
bunches which it misses at BO is a head-on interaction (since it
occurs exactly on the solid line in Fig. 9 corresponding to the center
of the BO straight section). Thus, for the ng antiproton bunches on the
left edge of batch 2, there will be 1 head-on interaction and (6n;-
4ng -1) long-range interactions per turn; for the rest (nj-ng) of the
antiproton bunches in batch 2, there will be 2 head-on and (6nj-
4ng -2) long-range interactions per turn.

Using this procedure, we can construct Table 2 which specifies
what happens to the bunches in each of the six batches during one
revolution in the presence of a symmetric extended abort gap:



Batch Number of Number of Number of
bunches long-range head-on
interactions per interactions per
turn turn

1 ni-2ng 6ni-4ng -2 2
Ng 6ni-4ng -1 1
2 nj-ng 6ni-4ng -2 2
ng 6ni-4ng -1 1
3 ni-ng 6ni-4ng -2 2
TOTAL 3n1-4ng 6ni-4ng -2 2
2ng 6nq-4ng -1 |
1 ni-2ng 6ni-4ng -2 2
_ ng 6ni-4ng -1 1
2 ni-ng 6ni-4ng -2 2
ng 6ni-4ng -1 1
3 ni-ng 6ni-4ng -2 2
TOTAL 3ny-4ng 6ni-4ng -2 2
2ng 6nj-4ng -1 1

Table 2: Numbers of head-on and long-range interactions
experienced by the bunches in each batch when a symmetric
extended abort gap is present.

Thus, for both protons and antiprotons the situation is the
same: B-4ng bunches have 6ni-4ng -2 long-range interactions and 2
head-on interactions per turn; 2ng bunches have 6ni-4ng -1 long-
range interactions and 1 head-on interaction per turn. The fraction
of the total number of bunches which suffer only 1 head-on
interaction per turn is 2ng /(B-4ng) ; note that this is the same
fraction by which the B0 luminosity is reduced. Since the bulk of the
beam-beam effects are due to the head-on interactions, the beam-
beam interaction will be only roughly half as strong for these 2ng
bunches as for the others, and they will have only part of the tune
shift which the other bunches experience. We anticipate using
independent tune control for each bunch species to compensate for
the beam-beam tune shift experienced by the majority of the
bunches; this will mean that we will be overcompensated for the 2n;
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bunches which collide only once. This may or may not be a problem,
depending on the magnitude of the overcompensation in comparison
with the inevitable beam-beam tune spread.

At this time, it is not clear how serious these consequences of
the breaking of the bunch pattern three-fold symmetry are, in
comparison with the advantages gained in injection kicker fall times
and abort kicker rise time. This question will probably only be
answered experimentally. Therefore, we will plan on providing the
ability to operate both in the symmetric situation (i.e., with no
extension of the abort gap) and also in the situation with a
symmetric extended abort gap, which provides the possibility of
either less stringent kicker timing requirements or a larger number
of bunches with roughly the same kicker timing requirements.

Two final comments are probably worth making. First of all,
the above discussion only considers extensions of the abort gap
which are symmetric about AOQ; this is because this symmetry is
required for the abort kicker. However, as the discussion below on
kicker timing will explain, extensions of the abort gap are also useful
for providing more time for injection kicker fall times. In this case,
symmetry about AQ is irrelevant, because of the freedom provided
by injection cogging. Hence an asymmetric extension of the abort gap
( e.g., gaps in proton batch 1 and antiproton batch 1 only) can help
with injection (but not abort) kicker requirements. The advantage
here is that an asymmetric extended abort gap can be constructed in
such a way as NOT to introduce a difference in the luminosities at B0
and DO (although the problem of having some bunches see only 1
head-on interaction per turn cannot, of course, be avoided). There
may be some situations in which this is desirable, but it will not be
further explored in this discussion. The detailed formulas for this
case can in fact be rather easily deduced following similar
considerations as those given above for the symmetric extended
abort gap case.

The second comment regards a variant of the symmetric
extended abort gap. Referring to figure 6, one may imagine a
situation in which there are (equal) gaps only associated with proton
batch 3 and antiproton batch 1 (or, alternatively, only proton batch
1 and antiproton batch 3). This is essentially still a situation which
is symmetric about AO as far as the abort kicker is concerned. In
fact, if the length of each of these gaps is 2g, then the abort gap
length is effectively extended to lz + 2g. It is also true that all of the
above relations for relative luminosity at BO and DO, and the
relations related to the number of beam-beam interactions, are still
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valid (this can be seen simply by considering figure 9 modified
appropriately for this situation). One advantage of this variant is that
only one of the batches of each species must be modified (i.e., some
bunches left out) to extend the abort gap; this may prove to have
some operational benefits.

3. Constraints due to Main Ring coalescing and beam-beam
separation

Because of the requirements on coalescing in the Main Ring, we
must have lg = hn, where h=21 and n must be an integer greater
than or equal to 1. Also, since we can at most have Blg < 1113, this
means that Bhn < 1113, n < 1113/B/h = 53/B. Thus n can range from
1 to the largest integer equal to or less than 53/B; since n must be
greater than or equal to 1, B must be less than or equal to 53.

The Main Injector is planned to have a harmonic number of
588 = 21x14x2. Hence, it is conceivable to imagine a coalescing
scheme utilizing h=14, suitable perhaps for coalescing fewer, more
intense, bunches. In this case th. upper limit on B rises to 79 (and Iy
= 14 : about 250 nsec.)

There is, however, an additional constraint imposed on lg. This
is related to the optics of the beam-beam separation at BO and DO. In
the current design, the proton and antiproton closed orbits, which of
course intersect at BO and DO, are not separated by the required 5c
until approximately + 58 m on either side of the IP. Thus, to maintain
5¢ beam separation at the crossing points adjacent to BO and DO, we
must require that half the minimum bunch spacing (which is the
distance between adjacent crossing points) be greater than 58 m.
The RF wavelength is 5.65 m, so in units of RF buckets this constraint
is

lo/2 = 58/5.65 = 10.3,
lp 2 21.

Thus lp = 14 is ruled out by this constraint. In principle,
however, we may be able to get around this by introducing a
crossing angle at the IP using the separators, which provides a more
rapid separation of the beams. The details of such a scheme have yet
to be worked out; hence, for the rest of this discussion, we will take
lp = 21 as the minimum bunch spacing.
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4. Relations between lg 11 and Iz

The relation between 1; and 13 is given by the above equation
(1). This can be considered to be a line in (11,l2) space of the form:

N1 =371-Ng = (n2-D1ly + 1, (2)
where No = nzhn(ny-1).

If np = 1, then 1 has no meaning and 13 = Njy. If ny is greater
than 1, then there are families of solutions as shown in Fig. 10:

Figure 10: Relations between 1 and 1

The solutions lie along the line shown, at integral values of I
and 1. The line connects the points (I1y,l2) = (N1/(n2-1),0) and (O,N7).

By definition, we must require that I; be at least as large as lp,
the minimum bunch separation. Thus the largest possible value for I3
will be given by 11 =lp . From equation (2) above, this implies that

Ni =(n2 -1lp + 12 = 371 - n2(n1 -1)lp,
1 = 371 - lp(ning - 1),
12 = 7(53 - n(B-3))
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where the latter result follows using lg = 21n. As will be discussed
below, in general the maximum value of 13 makes the abort gap the
largest and hence will be the most favorable situation from the point
of view of injection and abort kickers. Thus, we will choose this value
for 1o, with the consequence 11 =1p .

Two points can be made with regard to this choice:

1. Both 11 and I3 are multiples of 7. The result of this is that the
set of all RF buckets in which bunches can be found is reduced from
1113 to 1113/7=159. These 159 buckets are equally spaced around
the ring and appear at a given azimuth with the same frequency as
that of the TVBS clock (about 7.5 MHz). This constraint introduces a
symmetry which may be valuable to (detector and accelerator)
hardware which must synchronize with beam-beam collisions.

2. Since lp =1y, for a given n, the bunch pattern is identical for
any values of n; and n2 for which nin2 = B/3 is the same. Thus all
patterns look the same as one for which there is only one batch per
third of the ring (i.e., np = 1). However, the concept of multiple
batches per third is still useful in connection with injection. To fill the
ring, we need to inject 3ny times, since we have defined a batch to be
the fundamental unit for injection. We may now consider nj and np
to be different for protons and antiprotons, implying different
injection schemes, as long as their product is the same. As will be
illustrated below, this can be advantageous, since the case of np = 1,
ni = B/3, results in less restrictive injection kicker rise time
requirements, and the minimum number of injection cycles. This
should be able to be realized for protons, but not for antiprotons,
because nj > 4 is very difficult for antiprotons (see section 5 for more
on this subject).

5. Injection schemes

The fundamental unit for injection will be the batch, consisting
of ny bunches. The total number of batches is 3n» ; this is therefore
equal to the number of injection cycles (for a given particle species).

The space in the ring available for injection of a batch will be
called the injection gap. Since the space available in the ring for
injection depends on the number (and particle species) of batches
already in the ring, the injection gap starts out at 1113 RF buckets
and decreases as more batches are injected. The minimum value of
the injection gap is the value which sets the most stringent
requirements on the injection kicker rise and fall times, so this is the
value which determines the kicker design requirements. As the
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discussion below will show, this value is directly related to the length
of the abort gap.

Scheme A: Injection of all proton batches followed by all
antiproton batches.

This is the scheme which is favored operationally because of
the scarcity of antiprotons.

Proton injection:

The general case for the injection of the last proton batch is
shown in the figures 11-14:

EO
Kicker start rise
(earliest) +
Siot '
Tevatron Ib Ia ! Ib!'p |b|__)
1
]
1
. . ]
Main Ring t b |
)
Figure 11: Proton injection kicker start rise
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Figure 12: Proton injection kicker at full field

Kicker start fall EO
(earliest) *
]
| |
Tevatron Ib a L ! p ity —>

Figure 13: Proton injection kicker start fall

Kicker end fall +

Tevatron | la ||b]‘p Ly I—)

Figure 14: Proton injection kicker end fall

The quantity lp in the above diagrams is essentially the
required spacing between the batches. Thus:

I, =1 if np >1
lp =1lp if np =1

From the above figures, we can see that the kicker rise time Ig,
flat top It, and fall time IF, must satisfy the requirements:

IR =1p -931 ; where &1 is arbitrary in the range
lp 2 8120

IT =1p + 32 ; where &2 is arbitrary in the range
1,28220;

Ip £1;-67.
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To ease the rise time requirement, we want lp to be as large as
possible and 81 = 0. In general, 1l > i, which is why injecting a batch
with np = 1 is the least demanding arrangement for the injection
kicker rise time. In this case, the large gap (l») between thirds of the
ring is used for the kicker to rise. The fall time is eased by making &>
= 0 (i.e., no more flat top than is necessary) and by making 1; as
large as possible (i.e., an extended abort gap).

Antiproton injection:

After proton injection, the protons are injection cogged to line
up the abort gap as shown in the figures below. The general case for
the injection of the antiprotons using the abort gap is shown in
figures 15-18:

: . EO
Kicker start rise
(earliest) +

1
1
1
' -

Tevatron I I I ——

protons b a b I
1
]

Tevatron Slot

antiprotons < — | 1 gl | I

b p: b ! a b
1
1
1
Main Ring < : l

1
)
'

Figure 15: Antiproton injection kicker start rise
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Figure 16: Antiproton injection kicker at full field
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Figure 17: Antiproton injection kicker start fall
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Figure 18: Antiproton injection kicker end fall

In these figures, 1 has the same meaning as in the proton
injection figures. From the above figures, we can see that the kicker
rise time IR, flat top lt, and fall time lF, must satisfy the
requirements:

I =1 - 81 ; where 81 is arbitrary in the range
Ip = 81 2 0;

It =1p + 82 ; where &2 is arbitrary in the range
la-lp-1p20220.

IF €la-lp-IR - 02

Ip €la-lp-1p+ (81 -32).

The requirement is basically (Ir + It + Ig)< l,, since the kicker
must fit into the abort gap. As in the case of proton injection, we ease
the rise time requirement by maximizing Ip ; however, in this case
the fall time requirement is thereby made more stringent. Generally,
fast kicker fall time requirements are more difficult to satisfy than
rise time requirements, so for antiproton injection in this scheme we
want I to be small, which implies nz > 1 (ie, lp =11 ). The fall time
requirement is eased by making the flat top no longer than
necessary (82 = 0), making the batch short (n; small and n2 large),
and, as in the case of the proton injection kicker, by making the abort
gap as large as possible (an extended abort gap). The fall time
requirement may be further eased by making the rise time less than
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Ip (i.e.,, 61 > 0). Essentially, we can trade off faster rise time for slower
fall time.

Scheme B: Injection of all antiproton batches followed by all
proton _batches,

In this scheme, the roles of the protons and antiprotons in the
above discussion are simply reversed. One of the disadvantages, of
course, is that the antiprotons must remain in the Tevatron all during
proton injection, and any problems occurring during proton injection
might cause loss of some or all of the antiprotons.

On the other hand, there is a significant advantage to this
scheme. For the antiprotons, we now want np =1 and n; = B/3; the
rise and fall times for the antiproton injection kicker are much less
demanding than in scheme A. The proton injection kicker now has
the demanding requirements. However, the transverse dynamics of
proton and antiproton injection into the Tevatron are not symmetric;
the antiproton kicker must deliver a substantially larger kick than
the proton injection kicker. Thus, in this scheme, the stronger kicker
has the less demanding timing requirement, which is of course the
desirable situation.

However, there is a real problem with the requirement n; =
B/3 for the antiprotons in the case of B > 12. Since the Accumulator
ring has h = 84 @ 53 MHz, for Ip = 21 RF buckets a maximum of nj
= 84/21 = 4 bunches can be assembled as a single batch in the
Accumulator for transfer into the Main Ring. Thus, for B > 12, to
achieve np =1 (i.e.,, n1 > 4) requires loading at least two Accumulator
batches into the Main Ring adjacent to each other to form a single nj
> 4 batch, This batch can then be accelerated on one Main Ring cycle
to 150 GeV for injection into the Tevatron. There are, however, at
least two problems with this. First, it requires a new fast rise ( IR <
l1) antiproton injection kicker in the Main Ring; the existing 8 GeV
antiproton injection kicker is not fast enough. Second, it requires at
least 2 unstacking cycles of the Antiproton Source; typically these
cycles last at least 1 second each, so the antiproton batch which is
first injected into the Main Ring must coast at 8 GeV for 1 second or
more, during which some loss may be expected due to the poor 8
GeV Main Ring lifetime.

On balance, the disadvantages associated with antiproton
injection before proton injection seem to outweigh the advantages;
hence in the conclusions of this report only injection scheme A will
be discussed.
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6. Abort

We consider here only the case of an abort gap of length 1,,
which is symmetric about AQ. In fact, if the gap is extended
asymmetrically, the simple relation derived below is still valid if one
substitutes for 1, that part of the gap which is symmetric at AO.

The general situation is shown in figures 19 and 20:

. . A0
Kicker start rise
(earliest) ¢
1
1
1
1
Tevatron | | | >
protons b 4 b
i
Tevatron '
antiprotons - I b | 4 | b

Kicker full field

Tevatron |
protons

Tevatron €
antiprotons I | I

Figure 20: Abort kicker at full field
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From these figures it is clear that the abort kicker rise time IR
is simply required to be less than or equal to the abort gap:

]R < la.

7. Results

The results of a computer calculation incorporating all of the
above considerations is presented in Tables 3 through 17. These
tables are grouped into 5 sets of three tables each (3,4,5; 6,7.8;
9,10,11; 12,13,14; 15,16,17). Each set corresponds to a particular
value of the extended abort gap parameter ng, ranging from O (the
symmetric situation) to 4. In calculating the kicker times from the
relations presented in sections 5 and 6 above, all the 3 quantities
have been taken to be equal to zero.

The definitions of the quantities in tables 3 through 17 are
given by the labels on top of each column, and should be obvious
except perhaps for the last 5 columns. In these columns, bOcol and
dOcol give the number of bunches which interact respectively at BO
and DO per turn. The numbers nbOc, nblc and nb2c are the numbers
of bunches which experience respectively 0, 1 and 2 head-on
collisions per turn when the beams are separated everywhere except
at BO and DO.

For each set of three tables, the first table gives all possible
combinations of nj and n3, corresponding to B ranging from 3 to 48,
and subject to the choices for lp, 11, and lp, defined above in sections
3 and 4. The second table looks at the restrictions imposed by proton
injection kicker times: because we are only considering injection
scheme A, only n2 = 1 is considered. Options in which the kicker
times do not satisfy the requirements shown at the top of the table
are eliminated. The abort kicker rise time requirement shown at the
top of the table is also imposed. The third table looks at the
restrictions imposed by antiproton kicker times: again, the limits on
the kicker times which have been used to select on the options
displayed are shown at the top of the table. In this case, since we are
only considering antiproton injection, we also require that nmi< 4, for
the reasons discussed above related to unstacking from the
Accumulator.

21



2L

Ly T g 139 18 THEY il 0 "E9Z 1 ‘99% ‘cet T SE iz 9 1% 15 il 1
Ly L ] 18 18 ‘859 T8S% “LITE CLIES- “859 "859 ] L € 12 9EE 12 1§ s L L1
8k 0 ] 8F aF “ES0T CESOT TO "84% "GRE TES0T  TSeE T 88 12 ¢ T2  8F 8% 9T T
g¥ 0 q ii4 8k "ES0T "ESDL CSEE T4 "GEE "ES0T  TS6E T 48 T2 2 12 8F 8F 8 2
8% G Q 8p av “ES0T  "EECT TPEIT  '9Z%-  "GeE “ge0T  "ger 1 99 1z &9 Tz 8¢ 8¥ |4 [
8b 0 o} :34 8% TEG0T  "E60T  "¥9LZ T90TZ- "SéE TEG0T  TGRE T a5 12 LPT T2 )] [:1 2 ]
04 1] 0 ar 14 TESOT CRSOT TZZ65 TZZeS- TESOT TESOT CES0L 1 9 12 sle 1¢ gy 8t 1 91
Sk Q o 1 Sk "8¥¥1 "BREPT O TEGSOT  TGeE TBEbT  TGeT T L iz QO iz 14 Sk ST T
Sk 2 o Y4 Sk ‘s8Rl TERPL TO6L “e9Z  TS6% "BbPT  TSEE L tL 12 ¢y 12 s SF  ©§ £
Sk 0 o St St 8¥PT  CBYPPT "6LST T92S5- TSeE TgRPT 66 1 tL TZ ¥8 TZ S¥ Sk € S
44 0 o Sk Sk TBRPT TBRPT TL26S TLZ6%- TBPEPT  CabRT CEbET T te 12 weZ 12 S¢ skF 1 ST
fa4 ¢ g v v “Z¥BT  TZEET O “8¥PT  "S6E "ZEAT "SeE T 86 Z ¢ 2 v v 1 1
b ¢ Q A’ 7 "Z¥BT  TZ¥BT  TGBHE "ES0T  TSeE TZEBT TG T 86 T 12 12 % 4 <
ir 0 Q A4 14 TZ¥ET TZEBT T69EZ T1Ze-  TG6E “ZPBT  SRE T 86 9l ¢ Iv [A 2 L
2F ¢ 4 a4 Zy "ZRBL "ZHBL  TZELS  TZETS- CZRET CZpET  CERel I 86 LA A YA [4 ¥l
6t ] 0 6E 6€ TLEZE TLEZE 0 "ZF8T  TGeY “LeZZ "seE 1 61T T2 © 1€ 88 6£ ET I
6% Q 0 13 13 TLEZZ TLEXE CBELY  TBELYP- LRZZ CLEET CLgEZ L 611 1& 262 1z 6E 6E 1 £1
13 a 0 ac 9€ TZE9Z TZEZ " “LEZZ  TGeE TZE9Z  TGeT T 0¥T 12 ¢ T2 9¢ 9 21 T
9g 2 0 9E 9€ TCE9Z TEE¥Z Cuet 4211 1 M4 FARNRN 33 T 0PT 1€ T¢ 12 %t 9¢ 9 Z
9% s} 0 3t 9T TCE9Z TEEsT 06l "8¥PT  "GeE TEEYT TSt T 0T 1z Ty TZ B 9E B €
L1 a ] 9t 9€ “2e9Z 29 CeBIT  TESOT  TS6E "ZE9Z  "Get T 0%T 12 €9 1Z 9 9¢ ¢ ¥
9t Q i 9t € TEE9d TZE9Z Thiel 92 113 TZE9Z  Tsat T oyl I2  s01 12 9t 9t ¢ 9
g 0 I € 9€ tZE9Z  TZE9Z LWLV TEYER- TTE9Z TZ€9Z  tZeee 1T 0T T2 Te2 T2 9 9 T ZT
£r 0 Q 22 £r Lot TLZoe o TZEHT  TY6E “LI0E TS6E T 91T 12 ¢ - % 1
£F Q 2 £t £e “LZOE  CLZOT  ‘8BEE  BPEL- 'LZOT  “LZOT TLZOE T 9T 1€ Q12 T gt g€ T 11
o€ a 0 0F o€ TZZbE TZERE O TLZOE  TSRE AL 11 S Z81 12 0 2 o0t o 0T 1
oL Q 0 0t 0L “ZZkt  TZZRE T46¢ 'TESZ TG6E “geve veee 1 £81 ¢ 1z 1Z& ot 08§ 4
ot 0 0 o€ OE TZZVE  TZZRE C6LST  TBBRPT TG6E “ZTYE "Y1 <81 1 v TZ& QE Q0E ¢ g
oe 0 0 0F OF "22PE "ZZPE  CESSE  TEGQGE- "ZEYE TZZRE CLZRE T ZBT 1& 68T 1€ 0 of T ot
Lz 0 a L2 4 “9TRE T9TRE O 4401 "9TRE  "GeE T £0Z 12 0 € L2 Lz & T
[ [ 0 X4 X4 "918E  "9IBE  "0AL “ZE9Z  TS6E "9T8E  TGRE T €02 12 2¢ 12 L2 LT ¢ £
Lz 0 o] X4 X4 “9T8t  "9TgE €8Tt "851g- "9Tsr  "9I8E  9IBT 1 €02 TE¢ 89t T2 L2 Lz T 3
¥e 0 g X4 |:14 “gP¥T CBRET O “859 “06L TBY¥YL T0eL [ X4 0 ZF ¥ ke 8 T
|'4 bl a 14 ¥z “8rbT  TBEPT  T06L TZET-  T06L “BYET  T06L Z e Zk £y 2 [ . T4 b 4
vZ 0 Q vz [ 24 T8PPT  TBRPPT T69ET TTTLI- 'O6L TBFYT TO06L 2 LL 2y 92T 2% ke ¥ £ b
5¢ 0 a X4 |:r4 "BEPT  T8PET  TL2SS  TLZSS- TEPPT  CBRPT  CBREFI [N T4 4 ¥ v 1 8
1< o a9 12 |24 TLEgZ  CLegd "o TEEFT T06L TLEEC T06L 2 611 2V ] F4d 12 1z 4L T
e o a 12 12 TLEZZ TLEZZ T8ELY  TBELY- TLEEZ  CTLETT CLEZT Z 61T 2¢v 282 2¢ 12 12 1 L
8T 0 0 81 [:28 TLE0E TLZOT T "LEZE T06L TLT0E T0eL € ™ f 0 A4 38 8T 9 T
-R¢ 0 Q 81 [:]¢ “LZOE CLI0E CO06L CERRT CO6L “LI0E C06L T 78T Z¥% Zr  Z¥ 8T 81 ¢ 4
81 [ ] 81 81 TLE0t  TLEfe  TBLST  THSS ToeL TLZeT ToeL € 19T 2% g 2 8t 8T £ £
8T 0 0 81 8T “L20t TLZ0T THRRC  T8P6E- TLZOY  TLI0E L0t & 191 ZF [HL AN 81 81 T El
St 0 ] sT ST TLEée  TLEEE  TO “EGOT  “PEIL  "rEZZ  CFBIT € 611 &9 4 9 ST ST 5 1
St 0 0 a1 a1 “LEZZ CLEZZ  THELY “HELP- CLETT CLETT CLETT € 6TT t9 Z5Z €9 ST ST T g
1 0 Q9 44 z1 TLEZz  TLEZz CO "g52 "GLST  TLEZZ CeLST ¥ 61T ¥8 ¢ |:£: B4 S i T
Z1 0 Q9 T ZT “LEZT TLEZT C6LST “TZe~  "6LST  TLEZT LS b 6TT #8 FB e 21 1T Z Z
1 0 o 48 2l TLEEd  TLELZ  TBELY CHELY- TLELES TLEEL  CTLEEL ¥ 61T ¥B 25¢ ¥8 €1 <1 T 7
6 0 4] & 6 “LE0E TLZ0E TO "E60T  TFL6T  TLZ0E  TRLET & 9T SOT ¢ S0T ¢ 6 £ T
[ Q ] & & TLedt  TLEOT  TBFEE  TEYeET- TLE0E  TLZOE  TLZOE S 191 S0 012 501 ¢ 6 1 €
9 Q 0 9 9 *918€ "SIBE "0 "BSY “8CTE  "9TBE T"8SIF B t0Z 89T O 89T 9 9 4 T
] 9 ¢ 9 9 "9lst  "9IBEY "8SLE  "BYTE- "9IBE  "SIBY "9IBE & t0¢ 891 891 891 9 9 1 4
£ a 0 € 12 "SL6%  TSLED TO "0 TGLe9  TSL69  TSLEY LT TLE LsE O L9¢ € £ T T
TZAQU DTGU B0GU 1O24p Ted0q  esTIge Dasogr 11wl 1ielad estagd treyd estad u 7T 11 qr o1 ba q zu Tu
o = deb 130qe 341 JO UnTSUSIXs Uk WD) 01 pelllue ysieg lod seusung Jo teaqumu
TVEY U7 EUTI ZB¥DT ¥org 7 uT shutowds ¢
B33, A0 ONTIMAS HONAR 04 &F

£ dIgvr



25

6¢

9t

€€

0F

L

1¥4

8T

RS

T

£

SZU DTAU Doqu

0

0

&g

gt

£e

e

1z

81

ST

43

€

ToO0R 10904

L

iz

81

St

el

3}

9

3

TLEZE CLlege
AT AN AN TA
TLZOE TLEOE
R4 4 A
"9lgr 9lgt

TLEZZ TLEZE

“Le0E  TLZ0E
TLEEC TLELE
EANAAN AN AA
TLEZ0E  TLE0E
‘918t '918E
T6L69 "EL69

astage bazoge

TBELY

TERER

"BV6E

TEG5E

“8GTIE

T8ELY

"8F6E

TBELY

TBELY

241

"BSTE

]

33011

TTeyad

"G A XA R XA A 61T 1Z 282 12 6& 12 T £l

"0 “Zged g9l 1 91 . 4 ed 12 9t 9E T 1
"0 TLE0E TrZoE 1 191 12 01z 1¢ EE [ T 1
"0 Tgekt CTgTWE T [4:2 N, €4 68T T¢ 11y [o13 T 0T
0 91gL T9IBE 1 £0Z g 891 1¢ Le Le T €
‘0 TLETE TLEZT ¥ 611 ZF [A-T A A 12 1¢ T [3
"0 "LZ0E CTLZoE 2 31 ¥ 0Ttz Z¥ 81 B1 T 9
"0 TLETE TLEIE & 61T £2 [ATANR Y] Sl 87 T g
"0 “LEZC TLEEZE ¥ 61T b8 [T 4] cl 21 1 F
"0 TLE0E  TLEOE § 9T S0T1 0T 90T 6 G T 2
"0 ‘918E  T9lgE 8 €0Z 89T 89T 89T 9 2 1 <
"G "GL09 "GL69 LT TLE LS8 O R 3 T 1

ostaad 11eld eostad u T 11 491 ot Bg g gu  Tu

088U 0000022 uey3 Is3®e1b awTy 9871 ISOTY IR
29sU Q00006 ueyy Igjweib swrl TTPI Jew21y ucTizsalur uojoixd
228U 0007 08¢ ueyl Isjpveib swig &5T1 Jexo1y uolioe{ur uojoad

(SITUTT BUuTmoTT6] 8yl AISTIES SowT] I9OTY 8yl pue fAfuc [ = zu

ruoTyselur uojord 1oy ejeridordde ssoyl 01 POISTISST sUCTIAG

= deb JIocge 0UT IO UOISUSIXG UP  WIC] Q] pollTWo usiedy 1ad Ssysund Jo Iaoumu

DREM UT SOWTY Io¥oTly ‘s10yang IW uTl shutaeds young
ISNOILSO SNIDVAS HONNE ¥04 SHALTAVAYSE

¥ TIdYL



24

&t 1} 3] &E 33 TLETT TLEZE OO TFET T4as% "0 "0 T 61T 1% 0 |14 13 133 1 T
2€ 0 0 9t 2 AN TR AY: F AN TLEZZ 56T "0 "0 1 or1 12 0 1z 9t € L 1
9t o 0 9t 9t TZESE TZR9f TS6tE “Er8l Tset "0 "0 1 ol 12 |4 1¥4 9t 9t 9 4
9€ 0 0 € 9t AT AN TN LTS "BFVT  TS6E "q "0 T OFT  T& 174 T¢ 9t 9t % £
ED 0 0 2t 9t TIE9Z TZEST TPBIT  TESOT TG6E "0 "0 T 01 12 £9 1z EN 9€ € ¥
£E 0 0 £ £F TLEQE  TLedE "o AN TS 1Y "Q "0 T 8T 1¢ 0 1 [ 23 11 T
o€ 0 0 gt 0t A AN AA 4 T ] TLE0E TSet "o ‘0 1 Z8T  T& 5 1c o€ oe ot 1
Q€ 0 0 U 0t "€CPE  TEZPE  TGeE AN T 1-1Y "0 "0 T 28T 1& 124 1< 0t o€ S é
Lé 0 0 Le Le T9T8E T9I8E "0 TEvE TSet ¢ "0 1 30T AN 4 o 1e Le LE 6 1
Lz 0 0 te Le "9T8E  "9IBE  T06L “€E9C  TE6E "0 "0 1 €02 12 44 ¢ LE Le £ £
1< 0 0 1¢ 1z TLEZZ TikgT O 8Pl T 06L o "0 < ¢l P iy 147 154 iz L T
81 0 0 8T 81 "LEQE  TLepe "o ANAEN YA "0 "0 4 19T &% 5§ 44 81 81 9 T
81 0 o 81 g1 TLT0E TLEZOE TO06L TBFFPT  T06L "0 0 [4 21T <¢F [ 44 BT Bl £ [4
Sl a 0 St ST “LEge tLEZZ 0 "ES0T "ERBIT O "0 £ eIl 9 4] £9 St <1 S 1
6 0 0 6 6 TLZOE TLZ0E 0 TES0T TRLel 0 ‘0 5 2T s01 © 501 6 6 13 T

ozqu olqu oQqu [o2Qp 1099q ostaqe byzoqe 33ery  (1ezad estaqd (1wid estad u gl 11 49at ot Bba g gu Tu

398U 000 Q02E ueyl Isqeelb ewTy oSTI I8NDTY Jloge

299U 000006 ueyy Is3eaIh awry TIeI I90TY uoTiosluT uojordriue

DISU DOOTOGF ueyl Is3eazb owrl osT1 1901 uorioalur ucjordraue

ISATWIT PuimoTTel 2ys AIST1PE S9WLD I9Y2TY Ul puP ‘y o1 Tenbo JIo ueyl ssaf W
suoijoelur uojoidijue 2o} ejeradordde ssoyl 03 palnTilsol suoTldo

0 = deb j10gF 8yl JC UCTSUSIX® UFP wI07 O £oIlTue yoieq Jod sausung JO Iaunu
0BSU Ul SawT] ISYOTY ‘siayond J¥ uv shHuTtoeds yosung
ISNOTLAO DNTOVAS HIONOG ¥M0J SHATINREYA

S FIgWl



27

iy 4 0 -1 Ly “8pET TEREFL O TES0T "SeT "BPRL  TSeE T SE 12 4 e 6F 14 s T
Lk [4 o 67 Ly “8bbL TBPEPT TLIER  TLLGG- TESR TBEFD TEG2 1 g I¢  9¢E T2 e¥ 1§ T 3]
2% < 0 9k bF TZVBT TZ¥BT O TBEPT  "G6%  TZPBT  TGEE 1 95 1 9 € 9% 8 9% T
144 < Q9 a7 44 TEpBl  TZPBT  "G6E TES01 468 TZRET TGEE 1 95 T2 T 1& 9% g 8 Z
44 A Q 9% 44 “Zp8T “ZPBT  "PRIT  "€9T “E6E "ZE8T  TGeT I 95 & £ 12 3v g 4 b
14 < 0 9% 44 “ZP8T Tkl TEPOLZ TOTET- TGRE TZ¥BL TS0 1 95 I& LFT 12 9% 8 ¢ 8
bE Z o] 9% 44 "Zp81  "gPBL  "ZZeS  "ZETS- “ESODT  "Zp8T "ES0T 1 95 TE sig 1z kL b i 9T
v < 0 44 1% TLECE TLleEe 0 TZ¥81  T66T TLECE TW6E T L I 0 e € Sy ST 1T
1% [4 0 24 184 TLECT TLETT C06L T€50T  "G6E TLETT CGeE T LL 1T Zy T EF 5% S £
184 [4 o 24 b TLECT 'LEZZ TELST Te9Z TGEE TLEIT TGRE T L Te ¥ 12 £ SF & 4
T Z o a4 v TLEZZ TLEZT TLZSS TBELY- 'GBHT CLEIZ CebPT T LL 1T e 12 ek ST ST
BE 4 b oF eg T{E9L TeE9d 0 TLELT  TGBE “ZE9d  TGet 1 86 2 0 2 o ZF ¥L 1
Be Z 0 ok ac TZE9T TZE9T TGEE "Zy8T 46t TZeeZ Tset 1 BG 1w 1z or  I% L [4
6E Z 0 444 BE "ZEYT  TZEYZ T69EZ TZET- TG6E TZESZ  "Ger 1 B6 ¢ 92T 12 oF 2% 2 [
13 < 0 )4 13 TdEad TEE9C  TCELS  CTEbER- TEPBT TEE9d TZRET 1 Ba ¢ ELe Té o &b 1 ¥l
SE 4 0 LE SE TLZOE TLZOE O A1 TLede TSeE T 61T 1< 0 1€ £ 6 €T 1
GE Z & LE SE TLZOE TLZ0E TBELY  T8W6E- TLEIZ TLL0E TLELT L 511 12 2% T& LY st 3 el
[43 [ 4 4% [42 Tg2kT TETRE 7O TLZ0T  TSet “ZZhkt teer 1 0¥l 12 O 12 ¥ %t 21 1
% Z 4 |42 e “Z2kt TEIPE  TG6E TZE9Z  TSet "ZIpe st T 0pT T2 12 T&2 #¢ 9t 9 Z
42 g ¢ PE e TgZkt  "ZlvE  "06L TLEZZ "GEE ‘Zeke TseE T 0yT 12 [ 2 AR L N S €
4 [4 Y ¥E 43 TCZRE TCIFE TBBTT TCPBT TSET ekt Teet 1 0¥l 1¢ €9 1€ ¥L 9T € 4
<t [ 4 a3 42 TZZRE TZIYE TPL6T  ES0T  S6E TTZRE TGeE T 0pT TZ S0T TZ ¥ %t & 3
42 € 0 bE 42 “ZZbt TZEPL CEbEP  TEGSE- "ZE9Z TZZRE TZL9Z T 0¢T T2 TEZ 12 ¥E 9t 1 21
aé [4 ¢ TE -14 "9L8E  "9THE "0 “ZZPE  "GEE  T9TIRE  "Gef 1 8T 12 0 € 1w ot 101
[ T4 [4 0 1€ oc “9TEE 9T8E  "BREE  "BGTE~ LCOE 9THE  TLIPE T 191 T 01¢ ¢ 18 EE T 11
9z < ¢ 8z 9z “TiZy Clter O "91BE  "Ser  TIIZF Tget 1 Z81T 1< O iz B¢ 08 01 1
9E Z 0 8z 9z TLTERF CITZP TG6E TZZpE T96L "TTER TG6E 1 Z81 ¢ t& ¢ 8Z 0 ¢ [4
92 < a 8z 9z "TT2h  "Tigk  "6LST "LEZ22  "G6E "Tigk "GeE 1 Zel 12 b8 1z ®BZ GE Z S
e < ] 8¢ 2Z TT1Ey TTIgE  TESEST TEILE- TZEbE T1TEV Tedkt 1 ¢8L 12 €87 T2 8¢ ot 1 o1
¥4 < 0 s¢ £Z T209F  T90%9F O TR TS6E T909%F  TGEE 1 e 12 0 12 62 2 6 T
X4 Z 0 T4 tZ “909F  T909F  TO6L "ZZPE TS6L T90%F  CoEf T @z 12 Z¥ 12 s L2 ¢ [
¥4 Z Q sz ¥4 "B04F  "98%F  TBSTE 69EZ- "9TBE  "90SF '9T8E 1 E0Z Tz 891 12 57 L2 T L}
0z 4 Q z 0z TLZOT TLI0E O TLEZT  T06L  TLZOEL TQEL Z LL v 0 2y ZZ  ¥Z 8 1
14 Z g 44 0z TLE0t  TLEbt T0eL "8bPT  T0BL  TLE20T TO6L Z Li 2b ¥ T @ v W 4
o Z 0 ZZ 0Z TLEQT TLZOE T69EZ TZET- T06L TLE0E T06L 4 L &b 91 v oz wE € ¥
¢4 < Q ZZ 02 TLZOY  TLE0E TLESE tabee- "BRPYT "LZ0E CERRL £ Ly 2% veZ Zv {2 vz 1 8
[ < 9 6t LT “gT8¢  9T8E "0 TLZOE T06L  T9TBE T06L Z 61T ZF 0 &y 61 TZ L T
LI < Q 6T LT “eT8E  C9IBE  T@LLy  "@9TE- TLEIT "9T8E  'lEZZ ¢ 6TT <2 262 &% &1 12 1 L
Pl & ] 91 [ "G09F  T90%F "o "9TIAE "OeL "909%  C06L 4 19t 2 0 ¢ 91 8T & 1
bl 4 ¢ 21 4 “909F 909 C06L “LZOE T06L “909F 06l [ 9t ¢y ¥ Z¥ 91l 8l ¢ [
Pl z ] 9T A8 “909F  T909F T6LST  TLEZZ TO6L  T90%h  TO6L [4 9T 2¢ ¥8 Z¥ 9T 81 2 £
R Z 9 9T PT “909F  "909F T8PEE  TE9TZ- TLIOL T90%F TLlilt ¢ 19T ¢ 0T Z¢ 5T 8T 1 9
11 [4 0 £l Tt "e09b  "90%r "0 “ZZPE "PBIT "90%t  “PEI1 € 617 €9 £9 €T ST ¢ T
11 4 o] £l 11 “909F  T909F TBELY  Te9TtZ- TLEZZ T90SF TLEEZZ € 61T £9 €9 El ST 1T §
8 4 i oL 8 "GBES "98ES O "9T8E  "6LGT  T96ES  C6LS1 b 51t P8 0 e 01 IT ¥ i
8 [4 9 ot 8§ T9GES  T96ES  6LCT  LELZ  T6LYT 96ES  TELST b 61l ¥8 F9 ¥B 01 i1 Z
8 [4 ] 01 8 "9RES  TOAES  TBELEP T6LST- TLETT “96ES  TLEIZ ¥ 611 w8 Z5Z %8 01 z1 1 4
S [4 o L S ToLeY  TSLe3 0 CI00S TRLET  TSLB9 TRLET S 19T S01 @ S0 L 6 £ 1
] [4 o L g "5i69  TTLE9 “BbET TO "LZOE  TSiRY  TrZof § 191 G§0T 0T GS0T L 6 T £
Z Z 0 4 4 "e£gI0T TEETOT O "6L69 "BSIEL TEELTOT "8STlE 8 €0z 89T 0 29T ¥ E Z T
z 4 8 14 z CEETOU "EFLOT TRSIE TRSTE "ST8E  TEETOT "9TI6E 8 £0Z 891 89T 88T ¥ 9 T 4
0 T 0 T 0 "8GEQZ T8EE0Z T TECPET TSLEY  THEEOZ TGL62 LT TLE LSE 0 JAN £ T 1

o7qu  O[QU DQ4U  TooQp [o20q asTige bizoge 1ie77 (1eigd esiigd 1Tejd esiad U 2T 1 ar o1 bBe g zzu  Lu

-

N = ded JI0GE DUl J2 UOTSURIXG UP  WIOs] 00U PRAIIWC YI3vQ Jod SILDUNRG IT 2 BCwWl
DBEU Ll YOWL3 18¥SIY fS3@aydng JM UT shuToeds usuna

SINGILAD ONIZWJdE HINDE

9 FIEYL



28

18

8€

S€

[43

6¢

9¢

£e

114

L1

vt

1T

ozau

STQU  20qu

(24 v
oF €
LE 13
49 [43
TE 6¢C
8¢ 9¢
T4 £2
ZZ 114
6l LT
97 T
€1 T1
01 8

L S

] Z

1 ¢}

TO20P To209

[E)
—

TLeed TLEdZ TLISS 0 e TLeEgd Tebbl 1 Li 14 Fec 12 £k S¥ 1

TZeeg  tZege tZels (0 "C "E2e TCPsT T 86 1e e 12 oF 44 T FI
TLE0E TLE0E CT8ELE O "0 TLINE CTLEET T 611 T1Z [T Le 6t T £l
“ZCpE TZCRE  TERERP  CO "0 A4 A A S YA okT 12 1€z 12 Fe 9t 1 Al
"918E "9TBE  "8¥B6E "0 "0 918 TLZOE T 91 12 01z 12 143 39 T 11
“TIek "T1EF  "eesg "0 "0 "TTE¥  "ZEvE 1 ¢t 1¢ 68T 12 8¢ o€ T 01
‘9p9b  C90%F  tgSif O "0 "a09f  t918f I £0Z IZ 89T 1Z §Z Lz 1 ]
LZ0E  TLZOE TLEZSS 0 "0 TLZ0E  TBRPYT ¢ LL 44 ¥6e v &% Ve T B
‘918 T918E  TBELY O "0 918 TLECC ¢ 611 &% FASTARNNA SR Y ¥4 T L
‘909%% 902y gkt ‘0 "9 208y tLeot T 191 2% 0TZ 2v¢ 971 8T T 2
"909% 909% CgviF "0 t0 T809%  CLEZZ E 61T €9 £5¢ €9 €1 ST 1 S
‘O6E5  "98EG "BELY 0 "0 "96ES CLeeT ¥ 61T 8 [ASYANNS 4] 0T [48 1 |
“5L69  "5L69  “gber D "4 “GLBY TLEor S 191 S071 01 50T & 6 1 £
TeeT0T TEETOT C"BEIE O "0 TELTO0T 918t B £0Z 891 89T 691 ¥ 9 1 [4
TBEEQT T86E0T TO "0 0 TBGEOT TSL6D LT Tee L5t O [A TN € T 1

astage Bazoqe y9ery  TTeRIad sstrqd Treid estad u ZT 1T 4ar or Bbg g gu  1u

298U 000 Q0ZZ  URYl Is3earb awtiy esTI IawoTY JTogw

aasu 00006 ueyl rejesib awll ITPI I9OTH uoidpalul uoijoid

D89SU 000 0&§E ueyy Ieqeelb swll o$T1 Ieyoly uoiads[ut uoijoid

153TWTT ButmoTtog oyl AJSTies SsWT) IsNOTY &Yl pue ‘ATuc 1 = zu
ruoTIoefuTr uciexd Icl s3eridozdde asoul 01 paioiilser suoTaidp

1 = deb JIoge 23Ul JO UDTSUSIX® UBR WIol 07 pallTwe uoleg 1ad ssyoung Jo Isoumu
08%U UT S&WTd 203DTY 's38xong 3 ul sbuloeds young
ISNCLLED ONIJVES HDNOT d0d SEdlas~vevd
L TI8YL



29

184
187

BE
8t

g¢
A
g
[43
FAS
¥4

9Z
92

£Z
|34

g
0z

Ll
FT
[
Al

11

o

o~

ozqu

o

~ N

NN N o™ [ ] [a*la] (] oYYy oy o~

oy

[a ]

atqu

= O

oo

o OO oo [l =) [ =) o Qoo <

o O

apgu

£r
€F

C¥
0%

23
43
43
43

1€

8z
8¢

5z
¥4

(44
(4

61
R
91
91
£1

01
01

TOUOR TO20Y

%
1%

8€
€

5S¢
43
49
43
6¢

9z
9z

¥4
EZ

0e
0¢

LT
as

[ a3
Al

o Ny

—

TLEge TLeee o “ZY¥BT  TG6E "0 "0 1 LL 12 0 1< £y Sk ST

TLEEZd  TiLEZL TO0BL TEG0T TG6E *Q ‘g 1 Le 1e 44 1z £y St S €
TCE9C TIE%C TG TLEET  TGBE "0 "0 i BE ic 0 114 Ok ch i T
"Zg9g  TZE9Z  TGet “Zkgtl  cGet "0 "0 i 86 1< 1z 1 oF 44 L 4
TLZ0E TLEDE 0 TEE9T "SeE "0 "0 T o171 1¢ Q TC LE 68 3 T
Tgeyy Ty 0 TLZ0E  TS6E 0 "o 1 cyT 1< 0 1< 43 9t <1 1
A A A4 S 1Y "ZESRE TS6E "0 t T 0¥T  1¢ 1¢ 1z Ve 9t 9 Z
geke TITve 06l LT TSeT ‘0 "C T 0yl T¢ 4 1z FE 9t |4 €
TZEZ¥E TddkE TPBIT TZPBT TGEE 0 "0 T sk €9 1z FE 9¢ € 4
‘918t "9T8T "0 TZeve Teet "0 "G 1 191 12 0 114 1€ £e 1 1
"itey Tiiek 0 "9T8f  TE6E ‘0 "0 1 281 1Z 0 iz 8¢ ot ol T
“1TZF TTIch  TS6E TELVE  T5BE "0 "0 T Z8T 12 114 1< 14 413 S Z
T909F  T909F "0 ‘T1ck  TG6E "0 "0 1 g0 1¢ 0 ¢ T4 Le 6 1
"909F "90%% "06L "ZZvE  Tget "0 "0 1 €0z 12 ¥ Z 52 x4 £ £
TLE0E TLEDE D e T0edl ‘0 "0 Z LL 44 0 44 Zz 144 8 1
TLEOE  TLZOE CO6L BT C06L "0 0 4 id [4% v [44 (44 be |4 [4
“9Tgr "9leg "0 “Le0E T0eL ‘0 ‘0 4 ell &F 0 44 6l 1c L 1
"909%F T909%% 0 "9T8E  TO6L "0 "0 [4 191 v 0 44 91 81 9 T
"909F T90%9% T06L TLEQE  T06L "0 "0 Z 191 <Zv 47 A4 9t 8L £ 4
*909F °909% 6161 TLEZZ  “O06L ‘0 "0 4 191 Z¥F ¥8 44 91 a1 4 £
"909%F  T909y "D TLZVE TREIT "0 it £ 61l €2 0 £9 £1 S1 S T
“96E5 T96ES 0 918 "eLST C0 "0 ¥ 6ll F8 0 F8 0t i 14 1
"96ES  T9BES  T6LGT  TLECZZ TBLST 70 Y i 611 8 v8 ] 0t [4s 2 Z
TGL6%9 5469 TO 1008 "viel 0 "0 S 191 SOT O S0T L <] € T
TEETOT TEETOT (O ‘GL6% T8STE "0 "0 8 £02 891 0O 891 F 9 4 1
“EETO0T "tETOT "BSIE  "BSIE  "9IBE "0 "0 8 £0¢ B9T 89T 891 ¢ 9 T Z
“86€E0Z "86EQC O TECRET TS9O "0 L1 TLE LSE O LSe 1 £ I 1

asTiqe bazoge 13813 1Teggd ostigd 1iezd estad u 2T IT G oT Ba q gzu 1u

295U QOOTQ0ZZ  uPYl I93F9ib |wTl esTI IaNDTy 1ioge

SOsU 000006 ueyy I87281b surry TTeI I8yOTY uctTivefur uojoadijue

S9SU O00°0%E UByl I9739915 SWT3 ©STI IooTY uctTiwslur uojoidijue

ISITWIT ButmoTTel oyl AISTIes SawTl JoydTIY o4l pur 'y o3 Tenba 1o uPyl ssay U
ruotazalur uojcidiijue ic]l ejerradoidde asoyl o3 pajoTialses suotidn

1 = deb J100F QU IO USTSUSIXT UP  wio] 07 pallTwo ysieg xad sousung JO JO0UNU
DOSU UT SBWTT ISNOTY ‘sa@ong 3 ur sburoeds young
LENDILAD DNIOYAS HONNG HOA SHIATINGHYS
8 TId¥YL



30

(34

o
0¥
oF
9574

LE
LE
LE

e
re
43

1€

8¢
8¢
8
8Z
a8z

¥4

44
[44
44

6T
61

91
91
91

€1
01

o1
01

o=

ozqu

= =< = = T =
GO O oo o Q oo SO oQ <

A M S

e
[

= =
o O

T

= =
o o)

27qu  opGuU

Lk tr
iad oy
b ov
v or
b 0¥
1% LE
It Le
F LE
:33 bE
[:33 23
8¢t %43
g€ €
g 8¢
€ 8Z
[43 82
ce 8¢
4% 8z
a4 5¢
9Z 44
T4 zZ
74 Z
£¢ 61
£e [
oe 91
ge 91
0e a1
LT el
rT 01
Pl 01
A 01
1 L
g ¥
B ¥
g [4
[4 0

TC20R To2Dg

NAYAA

43I
"7E€9Z
4314
"LE9Z

TLEDE
“LZog
"LE0E

TZCvE
TZeve
TZeRE

'918E
a4
TTIEY
YA
T4
YA
"909%
“1008
“1005
“1005

"B6ES
"96ES

“508%
"909%
"909%
“96ES
"5819
T5812
"GRT1Y
"GLE9

"H568
‘Fose

"EE60T

T0SE9L

TLEgd

TE9e
"cE9e
4314
"ZE9e

“LZ0E
TLE0Y
"LZ0E

A443
TZere
"ZEbE

reige

Y44
T4
‘Tick
T11ER
“llEw
"909%
“100s
" 1008
“100S

"96ES
"96ES

“909%
“909%
"909%v
T96LS
“G819
"G819
‘5819
"GL69

TpGGe8
‘v558

RNATRN

T0svel

LIRS

o1y

"PATT
“voLe
TZL6S

“06L
TBLST
TLEsE

T86E
T69Ed
"ZEls

"BELY
-1

“06L

“FRTT
“biel
“EFEY
"8VEE
"S6E

"BLET
RA11S

"Q6L
"86T1¢E

e Ta
"69ET
"L255
TBELY
06l
"BiST
"8F6E
“BELY

“6Ls1
TBELY

13N

“BSTE

os1igqe Biizoge 11e73

= deb

"BELY— "853 TLECE 7853 T

"¢k8T  TG6t "Ze9¢  TG6t T
“ES0T  CgGer TZE%E CGet 1
"9¢5- "sef “ZEST  TSet T
TEREP- CEGOT "ZE9C TESOT 1
"Zk8T  "S6E "LZQE  TG6E 1
€901 TS6E TLZ0E  T9BE 1
TByet— Tgrvl TLZ0% TBRFT L
TZE9T L6t "ZZhE  Tg6C T
T8G9 "G6E TZEVE  TGeE T
“EGEE- "TFBT  "ZTHE CEZkBL 1
THE1E- TLEZE 9T8E CLEIT 1
TZIve TSeE “11er "set 1
TL208 TS5BE T1T12F  TGet 1
TZE£9Z  G6E “Tidy  "GeE 1
“Zk3T  "S6€ "I7Z2¥  "QeE 1
“voLe- TTERZ TTI1Zv TTE9C 1
TROLE- TLTOE T909Y  TLEoE T
“ilZp Tget “1008 g6t 1
TLE0E  TG6E "T005 TG6E 1
PLG6T- TTIVE TT00S CTZIve 1
"TTCy  "S6E "96ES  TG6E T
"6LST—- "918E "96ES  "O9I8E T
TLE0E T06L Ta09kF  T06L 4
2¥FT 06l “o0%F T06L Z
"69te—- TBPYT  T909% T8FVI <&
"6LST- TLELE  T96ES  TLedd
909%  T06L TGRIS T06L g
"9T18E  T06L "G8I9  T06L Z
‘06L-  TLZOE T58T9 CLiof £

LEZZ  "GL69  TLEZL €
'96EG  TBLSL "¥558 T6LGT ¥
6451 CLEEC TS558 LRI ¥
"B¥6E  TLE0E  TEEBOT TLE0E &
"GLV6  T9T8E T0SP9T T9I8E 8

11e3ad @stagd TTR3d esTid U

QISR 2yl JO UOTSuULIXa UE Wil ©OF

085U Ul SOWIZ

St 1<
99 ¥4
95 1z
95 1z
g 1

(X3 1z
LL 1z
LL |54
86 12
86 1z
86 1Z
61T 1&
orl 1<
ort 12
01 12
oFT 1

0120 N
91 1¢
£t 1<
28T T¢
Z8T 12
£0¢ T¢
£0e 12
LL 47
LL 44
Le 4
61T £Z¥%
19T EF
9T ZF
190 2f
61T €9
611 w8
61T we

9EE

154
£9
LFL
S1¢

[47
re
|A-T4

TZ
971
£Le

Z5¢

¢
[44
£9
g0t
j x4

01¢
¢
V8
€8T

b
891

(4
9zl
(44
Zse
4
143}
otz
Z5¢

V8
[4514

12T S01 QT

€02 83T 89T

T 1T

qat

154

¥4
1z
184
1<

1<
¥4
j¥4

Te
1¢
1z
1¢
ira
1z
1z
1c
ic
114

iz
1

47
4
[44
[4
44
44
44
£9

¥8
Ve

S0l

8971

0T

Ly

44
il
44
a7

St

4
ZE
43
143
[43

6C
9z
9¢
9z
€2
0¢
[¢F4
0c
L1
¥l
LAl

11

0 o

Ba

gy
BF
8%
8¥

44
&7
44

6t

€
ag
9t
9t
2€

£t
ot
0g
oL

Le
LZ

v
v
24
1
81
BT
81
ST

Z1
A

— 0 L B el

— N D = N S A0 [aN]

o

Z2u

LUl B e ]
—

uy ™M

St

oo O ™ o u N

WMo

= N

u

JTWO Uyoaeq Jad Seusung JOo IsKumu

‘sia¥ong I¥ utr sbuioeds young

NOTLAD ONIJWAS HONOI HOd SHdliE-Nvdwd



31

£k |4 o]
0% 4 a
LE |4 0
FE |4 0
1€ |4 0
8z 4 0
14 ¥ 0
ZZ 14 0
6T v 0
91 [’4 0
£l v 0
ot v 0
L 4 0
¥ 14 0
2 £ 1]
0 Z 4]

oZgu oTgU  Sogu

Lb £
ro or
% LE
gt ¥E
5 1€
FA3 8Z
6z S
9z 7z
£z 61
oz 91
LT €1

)

T L

8 b

g z

z 0
TOs0P Ted0d

LEZZ TiEEE cLiEw o "0 TLECE TBS9 1 St [4 9ge Ic Ly 15 T L1

TgE9Z  tgEg9e 'ggss "0 "0 BEAN- T 5210 S 95 T¢ gie ¢ lad 1’4 T 9T
TLZ0Y TLE0E TLess 0 "0 TLegE TBRRT T Li 174 ves 1< v Sy 1 ST
“ZepE  TZZre  CEEIS 0 "0 “ZEbe TZeel L 13 12 £Le 12 8E 44 1 7l
“918C  TOATBE TBELR TO "0 9188 TLEZZ T 61T 1z [AT A4 539 6¢ 1 £1
"11EZ¥ C1TER CERER CO "0 BN A AN TN opT T¢ we 1¢ [43 9 T 48
“909%  T9092F "B¥et 0 "0 T902F Tlc0e T 191 1< 01 12 6l £t 1 Tt
1005 TI00S  "eSsE O "0 1008 CTgeke 1 81 1¢ 681 1€ 9e g T 07
"96ES  T96ES  TBGTIE  T0 "0 “96ES TolsE T €02 T¢ 89T 1< £e L 1 &
"909F  "209F  CLess tO0 "0 ‘909%  C"BRPFT 2 [R5 44 veZ b 0e ve T 8
“9eLS  T9etS  TgEik (0 "0 "96LS TLEEZ ¢ ell Z¥ [T 44 LT 124 1 L
"§812 T9819  TBwet 0 "0 T9819  TLZoE ¢ 121 ZPp p1e ¥ g1 1 9
"GL6%  "GLE9  TBELF TO "0 "SLe9  TLEZd € 61T £¢ [ATANE S It a1 1 S
"FSSB  TFSG8  TBELF O "0 B AS1°Y: B R A 611 ¥8 FAT AN 4] 3 Z1 T ¥
"EZ60T “tZ60T1 “gFet "0 "0 "E€e0T TLZ0E S 19T s0T 0I2 S0T S [ 1 |3
"0S¥9T C0GFST "8STT CO "0 "08Yel "918t 8 £0Z 891 89T 8381 ¢ 9 1 4

asTIqe byroge 13ery TTeyad estaqd Trejd estid u g1 1T 4T ot ba g gu  1u

o8SU (00T 0074Z YPUD I93eodb awuTI 9511 ISYOTX ITCGE

295U 000006 uryl 193¢81D sWTY TTe3 I9yoTy uoilo=lur ucieid

095U 000 °0%E ueys 1e3es1b awTy 8511 T8Oy uotTioelur uvoloid

1s3TWTT BuTMOTTOI oul AISTIES sSawTl IayDTY @yj pue ‘ATuc 1 = zu
sucTioe{ut uolerd zo3 earraderdde 2soul 01 pPel0TIISET SUOTIAD

z = cdeb 3704 2yl IO UCTSURIX® UP  WIC] ©3 DI33Iwe yoileq zad ssyoung 30 Jaqunu
D@SU U SOWL] X0ySTY ‘siexang 3y uT sburoeds ysung
ISNCIZAO ONTIVAS HINOE ¥03 SHILIwEVd
Q7 d71d¥l



32

o v 0 ¥ aF “ZE9Z  TZEYWZ TGAE “EFRT 56t "0 *a T as 114 124 144 24 gk g [4
ov 4 0 s oF "ZL9Z  TTE9C TFBIT  "ES0T CGeE "0 ! 1 95 154 £9 1< | 8k v ¥
LE 4 a 184 LE TLE0E TLC0E T06L ZpgT  Tg6t 0 "0 T Li ¢ 4 1z 184 34 S €
vE [ Q ge 25 tZZY¥E TZERE "GeL TZE9Z TG6eE "0 "0 T 86 1z 12 1z 8¢ f44 [ 4
8z ¥ 3] Ze 14 T1ZkF T11EP "56eE "ZIvE  TS6E "0 "0 T o¥T 12 1z 1z 13 og 9 [4
8z 4 4] [43 8¢ "I1EF "1leb "oeL TLE0E  TSet "0 at T ort 1< 44 e g ELS ¥ £
8¢ ¥ 0 ZE 8Z TITZEr T1lZk TPBIT "CE9T TGAE "0 "0 T OFT 1€ £9 1e 43 9¢ £ ¥
ZZ ¥ 0 D [44 TTO0S  TT005 TGeE "TTZF  "S6E "0 "0 T Z8T  1¢ 1e 12 9¢ 0g g Z
el 4 0 €2 61 T9BES T98ES Q6L "T1er  "98E g a0 1 [ TAN N4 4 1z £z Lé £ £
at 4 ¢ 0Z 91 "90%F  "909%F 06L TLZ0E ToeL "0 0 4 LL 4 44 v 0 ve 4 <
91 4 o 0z 91 802y T908%F 69T "8VPT TO06L "0 "0 4 Le 44 9¢1 <Z% 0e¢ Fe 4 4
0t 7 0 vl o1 "5819 °SBIS C06L "909F  T06L ‘0 "0 4 19T €F 4 47 -A¢ 81 £ Z
01 14 ] [ 01 "GB12  TSBIZ TeLST T9TIBE TO6L 0 0 g 19T ¥ 78 44 AN 8T [4 £
i3 14 0 8 4 "FS58 TPES8 C6L8T '96ES T6LGT 0 "0 4 61T F8 Fe rg g A3 4 Z
F 4 0 8 v TFSS8 TPSS8 TBELY TeLST TLEEZ D "0 ¥ 61T 8 [A4=rA ] 8 T T |4
4 3 0 g Z "EZ60T "EZ60T HPEE  "8FEEC  “LZOE (0 0 S 12t 501 01 SO0T & & 1 £
8} 4 o Z 0 TOSFOT TO0SY9T "8STE "GLWE TRIBE 0 "0 8 £E0Z B91 82T 831 ¢ 9 T <

SzAu  STOU 00U TOSQP 10009 @sTIqe Diroge 33ery  (Tegqd osTiqd Tieyd estid u ZT 1T a1 o Bba g gu 1U

oeSU pOGT0RZZ  Ueyl Jojeaib swry asTI IaWoTY ITOAE

SwsU 000006 ueyl 1a1eveib owra TTEI I8MOTY uotloaluT uciordraue

oesu 00 0e¢ ueyy 1o3ea1b ewry esTi FoyDTY uoTina(uT ucaoxdiiuve

1s3TWTT BuTMOTTOZ @yl AJSTIES SawTl Jay2TY oyl pue ‘p ¢3 Tenbs IO uUeyly ssel Tu
rucTioefut uciczdriur 107 sirriderdde ssoyl 61 pR10TINSEI suoTp

4 = deb 110qe 8yl JO UCTSUSTIX® U¥F WICI ©3 POIITWO UdIeq Jod Saydung Jo Jaxqunu
035U UT S9WTS I2WDIY ‘si19yong JY WUl shuloneds uodung
ISNOTIAC ONTOVIS UONNE H0d SEuLaEvd
1T ITEYL



33

6F 9 0 &F €€ “LZ0E TLEuf trIeg Cayef- tgse TLZ0g T8s9 1 SE 1z 2€g 12 Sv 15 1 L1

9t 9 0 47 9t TTIFY TEAbe Tp8TT CTTEET TGek "ZIPE TGeE 1 95 Te £9 1 17 8% 7 14
1y 9 0 [474 9€ “ZIRE TZIVE V9L TE9C Tq9et TIIkE U586t 1 24 1c L¥T T2 Zk 8% [4 8
¢ 9 0 f4 9t ke TCebt TZZes  TESSE- TES01T  TLZPE eS0T I 99 1¢ §1e 1< 44 8¥ T 91
£t ) 0 GE £e "9T8E T2T8E "06L ‘ZE€9€  TS6f "9T8E  T56E T Li 12 44 1e 33 S S €
£E 9 0 6t £e "9TI8E  "918E  "6LGT  "ZFPBL "G6E ‘9188 "Cef 8 Le 12 ¥ 12 6t qv |3 S
£E 9 ¢] 6t e ‘918E TOTBE "LESS  CBSTE- TgPRI 0 9188 CBRRT T Li jx4 vez 1c 33 SP T St
0t 9 0 9t Q€ Tty "Ik "69€Z  “8PFPT  "G6C *T12F "ger T 88 1z 9zZ1 12 9t 44 Z L
0t 9 0 9€ e TIZY "Tigk  "ZETS TbOLZ- CERBT Tl TEWBT T 86 ic £re 12 o€ 474 T FI
Le 9 4] €€ Lz ‘909F  T90%F  8ELP Ce9C0Z- TLEZZ T909% T8l T 61l 1¢ Z5z  1Z £g 6€ 1 £l
ve 9 o €9 .24 1008 "TODS 06 "918t  TG6E T1005  Toet T OFPT 1T 44 ¢ 0 9t ¥ €
ve 9 0 og |74 1008 T100S TFBIL CZEFE CSeE 1005 "S6€ T ORI 1< £9 1z 0g 9t € v
Fe 9 0 o€ 24 1006 TTO0S C"RLET CEE9E CSetE “100s  "se6g 1 orl 12 50T 1¢ 0e 9¢ < 9
ve 9 o o€ 24 1065 100§ CEREV CWI6T- "ZE9¢  TT1005  TgE9f T 0FT  TE €2 12 ot 9t T ¢l
194 9 0 LE 14 "96ES  T9eES  "gFEE T6LS1- TLZ0t T96tS TLE0r 1 191 1¢ 0l 1¢ LZ EE 1 11
BT £l 0 14 BT 0648 T06LS TBLGT  "918E  "S6E "06L5  TE6E T Z81 12 ] 1 ve 1% Z S
81 9 0 ve 81 0645 T06LS  TESSE V811~ "ZZ¥E C06LG  TZEVE 1 Z81 12 681 1¢ vz 113 T 01
51 o 0 1€ <1 G819 CGRI9  T06L 1008 "Set "5819 g6t 1 €02 12 44 1z 12 Le |3 £
51 9 0 12 St TGETS SEI9 "BSIE CQ6L- "91BY  "GET9 T218f 1 g0 1z 891 1C 1¢ Le T &
Z1 9 0 81 1 “G8T9  TSBIY 9Ll TLI0Y Q6L G819 06l 4 LL ct 91 2y 81 74 4 ¥
4l 2 9 g1 z1 TSBI9  TGET9  TLESS  TO06L- T8RRI TS819  CBRYI & LL 4 FeZ Ev 81 ¥e 1 8
& 9 4] 51 o TGLEe9  TSL69  TBELY 7O TLEZE  TGLB9  TLECLE © 611l v 252 2y ST 1z T L
9 El Y Z1 9 POl TPOLL THLST C96ES TO6L koLl T06L [4 19T v Fe Z¥ fAs a1 4 £
9 9 4] 1 9 TRO9LL TVOLL TBRPEE  TO06L TLZOE TVOLL  TLdO0E ¢ 19T Z£F 01z 2% Z1 81 T 9
4 S 0 [ 4 "FhEE  TPYEE  TBELY TB9EL  TLEZZ  TPPEE  TLELL € 611 €9 252 &9 & St 1 5
Z 14 0 9 [ "ETLTT "ETLIT "BELY "BELY  “ikZZ  CZTLTL "LeZe v 611 ¥e Z5¢ e 2 [0 T 4
0 € 0 € 0 TTLBPT TILBET T8WEE TO6BL TLEOE  TTL8FT TLEZ0E S 121 G0T QT2 S0T € 6 1 3

DZCU DTOU DOQU TOO0P Toogd  9sTAge Biloge 13ery  TTeIad astiqd Treid estid U ZI 1T aIl nT B g9 fu  1uU

I3 = deb J1oqe oU3 30 UOTSUDIXE UF WIioI 07 PaliTwe yoieg Jod saudung Jo Jaqumu
005U UT sewTl IaoTy ‘si9yong ¥ uT shutoeds young
TENOTIAC ONIOWIS HONNG ¥02 SHILINTAYd
T FTdvl



3L

33 El 0 5% 6t LTt TLlgoe TL1e? o "0 TLZ0t "8E% T gt ¢ 9t T¢  SF 1s 1 L1

9t 9 0 474 9t "ZCkE TZZkE TEZEZES 'O *a TZZRE TES0T T 95 ¢  S1e 1 4 thed 1 91
£e 9 0 6E £t "9T8L  "9l8E  "LESS "0 "0 ‘9T8t  TBEFT I LL 1 ¥4 Fez 12 &f St 1 ST
0E 9 0 9€ og “ilgw 11w CCETS 0 "0 1Tk TZRET 1 86 1z £ 12 9¢ ¥ 1 [as
Lz el 0 £t Ltz “90%k  "909F  C8ElF 'O "0 "a0ek  tLgde 1 61l T& £sed  1e 33 BE 1 £l
44 9 0 oe vz 1008 "T00S  CERER 0 "0 1065 Teg2Z 1 ovT 1< €z 12 ¢ € 1 Z1
1e 9 ¢} LT 1z "96€G  T96ES  "BYGE D "0 T96ES TLZRE 1 9T 12 ¢Te T1¢ Le £E T 11
g1 9 ¢} ¥e 81 “06LS  T06LS TESSE 0 "o “0eLs TgZbe 1 Zgl  1¢ 681 1< re ot 1 ot
Sl ) 0 7z Y “9819 T45879%  TEETE "0 "0 TSRT2  T9T8E 1 €0 1Z 89T 1¢ 12 Le T 6
1 9 0 8T ¢l "GET9 TG6BI9 "LZES 0 "0 “GBT9  TBPEPT Z LL 44 veZ ¥ B1 ve T 8
6 9 0 G1 |5} “5L6% TGL6D TBELY 0 "0 TGL69 TLERT ¥ 61T <¢F [AY A4 ST 1e T L
° 2 ¢} [45 9 “FoLL TFILL "8F6E 7O "0 “FoLL TLZoE 2 91 <Cv 01z ¥ <1 81 T 9
r 9 ¢} 6 4 TBPE6  TPPES  TBELP O "o TEREE TLEIT & 61T £2 79 €9 6 g1 1 S
[4 |4 0 9 Z “CTLTU "ZTLIT "BELY 7O "0 "Z1LTIT "LEZe ¥ 61T ¥8 252 v8 2 1l T ¥
0 £ 0 [ 0 T1L8%T TTLEPT "BYEE O "0 "TLBFPT TLZOE S 19T &0T QTIZ S01 € 3 T £

279U DTGU 20U TO20P To%0d  @STIqE Dizoge 33ery  TTeIad estigd TTeid estad u ZT 11 49T 01 Hg q zu 1u

DasU QO 00ZE uryl I93PsID eWT] 2STI I9YDTY IICgE
288U 000°006 ueyy Iejeelb swly [1vl A9y¥D1x uorloelur uojoxad
288U 000 °06¢ uey3 I19738831b awry B5TI1 ITaynIy¥ uUoTioslur uocjoid
rsOTWIT DuTMoTTOl Byl AISTies sawTl ISYODTY 2yl pue ‘ATUuc T = 7U

;ucTaoslur uolzcad 103 ojeraxdordde esoya O3 peloTIISel sucTido

¢ = deb Tcge 8yl JC UCTSUSIXS UE  WIO] 07 PIl1TUe Uoleg Jad SoUsung JO ISCGUMU
TESU UT $8WTY I9NRTY ‘s1oyong Jy ut sbutowds young
ISNOIIA0 SNIOYAS HINNE ¥0J SHALTAYEYI
€T HTIOYL



35

St 9 Q [4'4 9t “gght gkt TPBIT  TZEBT  “GeE ‘0 0 1 9g 1z £2 1e [47 BY ¥ |4

|32 2 0 6% £E 918t 918t 06l "ZE3Z  TS6E "0 "0 T (X5 154 (474 Te 6F Sy 5 £
re 9 0 o€ |24 1005 TT1009 Q6L "a18f  "S6f ‘0 "0 T 0T 12 43 |4 ot 9t 15 €
144 9 0 0t Fe ‘1005 CT008 CkBTIT CEEFE TGeE 0 "0 T orT 1€ £9 1¢ U ot £ 4
St 9 0 e ST "S8T% T5819 "06L 1005  TG6E "0 °0 T €07 17 474 iz 1ig Lz £ £
Z1 9 0 81 1 "G8T9  TG8TY  "6%tc  TLE0E  TO6L "0 "0 F4 LL 47 9¢T ¢y B1 ve 4 4
2 9 0 48 9 koL TR9LL CeLET T96ES TQbL 0 "o [4 o1 v F8 44 ¢l 81 Z €
Z ¥ 0 9 Z TCTLTT TETLIT "BELY  TBELR  TLiEde 0 "o b4 611 b8 262 ¢8 El 1 T v
0 € 0 € 4] “TLBEFT CTLBFT “8EBE  T96BL  Tlc0T 0 "0 S 191 S01 o012 S01 F 6 T £

oZgu 214U o0qu Te20P To00d  esTIqR baToce 11vTI  TTedad estaad TTeyd estad u ZT 1T a1 o1 Bg g gzu 1u

SASU QQQTQOZec  UFPUY JI83E8IL SWT3 9511 18ysTY Jioqge
395U Q00006 ueyl Iageolb owpy TTel I9Wo1y uolinalur uojordrque
288U (00" 0&E uwyy Iojeaih SwWTl o871 Fowaty uclicslur ucjozdijue

1s3TwTT butmoTTeT Byl AJSTIES SOWT] ISYOTY Ul pue ‘F 03 Tenba 10 ueyl ssa7 TU
tuotzoeliul ucjcadiiur 107 @artadoxdde ssoyl o1 pPeIdTIVLLT sucTidn

18]

= def: 330qe oyl IO UCTSUSIXKD UF WIOI 03 pollTwe uodwg isd Ssysung JO Isqunu
TIEU UT SWTD IDMDTH “$38¥oNC W ur shuroeds younyg
ISNOTLAD ONIIVAS HONNG ¥0d SHALANYEVd
rT TI9VL



36

St 3 0 |37 33 "9T8E  TOTI8E  TLTEY  "BETIE- TBG9 9188 859

—

SE 1< 9ce 17 £r 19 T L1

43 8 4 ar [AS Iley  "1le¥y  "FBLT  "ZE9C  T56f "T1ew  "G6t T 9g 1z £9 144 or |:34 i 4
43 8 0 oF <t TTIEF "1tk 'FILC TESOT TEe€ "11Er 96t 1 95 iz [A A oF gy [ 8
43 g 0 ov [43 TT1eR "1k "ZZeS ThRLE- TES9T TTIck TESOT T 29 |4 518 1IZ oy BY 1 ot
67 8 0 LE 67 Ta0ay  "909F CG6LGT  TEE9E  TLeE T909%  Get 1 Le 134 v 194 LE Sy £ )
6C B 0 LE ec T909% T808F TLLSS  TE9EZ- TBRPT  T909F  T8yFT T Li 154 Ve 1¢ L 14 T ST
9C g 0 143 9 TT006  TTO0S  CE9EZ  TLEZE  TSeE “1005 "Gt T BO 184 9¢l 18 33 4 [4 L
9¢ 8 0 Ve 3c 1006 T1p0S  CZEIG CRiGT— TZPBT TT00S  TERET T 86 1¢ ELZ T PE 44 1 Al
£C B 0 1€ ¥4 T96ES  T9RES  "BELF  TeLS1- Tregc T96tS TLEdE 1 611 1< [ATANN 4 1€ 6¢ 1 £l
0z # 0 j: 24 jof4 "06L5  CTOBLS CTPBIT TTIZF CS6E 06LS  TS6E T OFT T2 =] T2 8Z 9t £ 4
0Z 8 0 ge iT4 "06LS  T0eLS  “kLel  TEEpt TS6E 0645 TSeE 1 obT  1C S0T 12 8¢ 9t Z 9
0c 8 0 BZ 0z TO06LS TOHLS CEREV TRETT- "gZEsf "06LS TZE9Z 1 37 N 4 Tee 12 8z a9t T 21
L 8 0 °Y4 L1 TGBLZ  TGEL2 "8YeE  TO06{~ CLZ0t SEIS CLE0E % 91 1¢ 01z 1¢ 5¢ £E T 11
A B 0 44 [ ‘0889 T0BS2  T6LET  "909F "G6E “0gse  "SeL 1 £8L  1¢ 78 12 [14 Ot Z 5
Al 8 0 44 L4t "085% TQBYD €SSt "GeE-  TZZPT 0859 CZERE T 81 1¢ 68T 12 ZZ ot 1 01
11 8 0 61 T “SL6% TSL62 T851Y 0 9188 "GL6% "9t 1 EQC 12 891 1¢ 61 x4 T 2
8 8 0 91 8 TEBLL TRILL 69t T20%F  CO06L ‘vaLL T06L [4 LL 44 9l ZF 27 44 [4 7
8 ] 0 21 8 TR9LL TP9LL TLESS TO6L T8¥RT “b9Le TBVPT C N3 47 veZ v 9T pe T B
9 L 0 ET 9 PSS9 TkGS8  T8ELF C6LST TLEZE TWESB TLEEZ 510l ZF% [ATANNA €T 1¢ T L
¥ 2 0 01 v TFREG TRYEG T8VET T69€€  TLZ0E CFREE TLZOE ¢ 91 Z% A RSAA 01 81 T 9
4 S 0 L Z TCILTT "ZTLTIT “8ELY  CBELP  CL€ZC TTTILIT TLEEE € [N ] [ATANRY-] L ST T S
0 |74 0 ¥ ¢ TTLBRD TlesbT "BELY TR6BL CLEZT CTLBET CLEEE F 61T F8 252 k8 ¥ z1 T ¥

27U 219U DOOu ToopR Teapd  astiage bazeqe 33eT3  1teiad estaad freyd astad u T 1T a1 ot bg g Zu Tu

& = deb 710g® oul 0 UOCTSUDIXD UB  WIOT O3 PAIITWO Yoieg Jad seysung jo Iaxumu
DUSU UT sowrl I=SXOTY ‘stayong J¥ ul sbutoeds uoung
SSNOTLAGC SNTOYAS HONNG HOJ SHALLEWTHEYS
ST TIEWIL



37

133 8 0 £y 13 "9lge TBlst TLIE® O "0 218y "g59 T SE ¢ 9ge 1< 544 15 1 LT

43 B 0 ok 43 TTICF TTICY TgEes 0 "0 "TI¢ky TRG0T 1 95 1< [0 S 4 0F 8¥ T 91
6z 8 0 LE 6c T909%  TB09F  TLISE 7D "0 "909%  TBRRT 1 Li 1z FeZ  1Z LE S¥ T ST
9z B o} FE 37 "T005  TTI00S  TZEIS TO "0 T00S TERET T 86 Te £e  1¢ PE [47 T At
X4 B 0 it 1 ¥4 T96ES 9685 T8ELY 7O "0 9688 TLECE 1 61T 1¢ AT ¥4 e 6t 1 £l
0T 8 0 BT 0z 06LS TO06LS CERER O "0 T06LS TER9T 1 ovT  T1Z ee 1T 8Z e T el
LT 8 0 5¢ L1 "G8T9 °S819 "8FeE "0 "0 "§819  CLeoe 1 191 1¢ 01 1¢ jox4 €€ 1 1
A 8 0 44 [l “0859 °"0859 TEGSE 7O "0 0859 “geveE 1 [4: R 68T 1 44 o€ 1 o1
1T 8 o] el 11 “SL69 TSLe% "85l O "0 “5Le9 "9l 1 t0e  1e 831 12 61 LE 1 3
8 8 0 21 B TPILL TRILL TLEES O "0 TPILL TERRT 2 Li [ Fee v 91 74 T 8
9 L 0 €T 9 “FS58  "¥GS8 "8ELF  CO "0 "be58  Tiked € 61T <% Zs¢ 2% £l 1z 1 L
v 9 0 01 |4 PYE6  TPPE6  T8PEE 7O "0 TPPES  TLZ0E € 19T ¥ 01e  Zv 01 81 1 9
Z g 0 L Z "ZTLTT "EILTT "BELY O "0 TETLIT “iee? € 611 £9 AT %) L St 1 =
0 ¥ 0 v 0 STLBRT TTLBFT T8ELE CO "0 TILBRT CTLEZE ¥ 61T ¥8 {5 8 2 T 1 4

DZau 2I9U dpgu TodoR To20dq  estagqe bixoqe 33ery  (TeIcd estagqd Treyd estad u gT 1T dar o1 Ba g zu Tu

I8sU 000° 00ZZ Uey) Isjeell SWTY] 9511 IayDly 1i0qe

Dasu 000 006 ueyl Iojeeib owry 1P IoyoIY uotdoalur uojeiad

DISU QOO0 TOSE uryl rajeazb owra 9sT1 I9ioTy uollos[ut uojcad

isaytut] Buimolroe] eyl AJsTies sawT] I9DT¥ 2yl pue ‘ATuoe [ = Zu
:uoT39afur ucjoad 103 saeridoadde ascyl ©3 PeIDTIASSA suotido

v = deb juogr U3 JO UOTSUSIXS UP  WIOI 03 Pa3lTwo usieq iad sayoung JO Iooumu
085U UT SOWTY JI9YSTY ‘sievong I Ul sbutoeds yosung
SNOILG0 SNIDVAS HIONOE HOd SHRLAWTHVA
9T HETEYL



38

143 8 0 or 43 "TIek  "T1TeF  "¥8TT  "2E9¢  TG6E Y "0 T 9§ ie £9 iz 0% 234 4 ¥

0z 8 0 8¢ jors T0ELS  TOS6LS TRETT CTTIV TG6E 0 "0 T o1 1z ©9 1< 8¢ 9€ £ ¥
8 8 0 9T B8 FOLL TE9LL TRO9EZ "809F  C06L e *a Z L Zh XA NA a7 |74 4 P
0 ¥ 0 |'4 o} "TL8PT "TLBRT "BELP  TB6BL  CLEZE O "0 v 611 P8 £5Z 8 4 cl T 4

DZAU  STGU  DQdU TOD0P To00d  esTige Bizoae 33eTr  TTRIad estaad Tresd estid u Z1  T1 491 ot bBa a zu 1u

298U 000°00ZZ  WMPYl J91ralb 8wrl 951X ABNDIY JICHE

295U 000" 006 ueyy re3esid ewly T1ej I=ayoTy uotloeful uojoadyjue

DBSU (00" 0SE ueyy I93¥eIb swTl 9811 IeydTY unTioe[ur uojcadiiue

1s3TWTT ButmMoTTol 8yl AJSTIes £9WT3 JOXOTY oYl PUP 'y o3 Tenbo 10 ueyl €S9 U
rueTyoolutr uejeadijue 101 saeridordde a@soyl ol paloTdagel suoTadp

¥ = deb JIoge Sys JO UOTSU9IXa UFP WIc] 0] pollTwe usjeq Jad SSUDUng JO ISCunu
S98U UT $SWTT ISXDTY ‘si8yshng J9 Ul sButoseds ysung
{SNOTIAD ONIIYAS HONAE HOJ SUILENWHYd

LT dIGYL



39

8. Conclusions

In table 18, the information in the detailed tables 3-17 has
been reduced and summarized to give the basic parameters of the
best option (i.e., largest number of bunches) for each value of ng.
This has been done for both the 21 and 42 bucket spacings. Options
requiring very large (>20) numbers of antiproton injection cycles
have been excluded as impractical.

The cases of most interest are the symmetric case (ng = 0), and
for ng > 0, the case which maximizes the number of bunches. These
cases have been underlined in Table 18. Examination of this table
shows that for the 21 bucket spacing, the symmetric (ng = 0) case
gives 36 bunches; as ng is increased, the number of bunches peaks at
44, with ng = 2. For this case, there is a penalty of a 9% luminosity
reduction at BO and an equal fraction of the bunches having only 1
head-on interaction per turn. The case of ng = 1 gives almost as
many bunches with less of a luminosity reduction, but requires 15
antiproton injection cycles with 3 antiproton bunches per batch; this
would require a suppressed-bucket h=4 system in the Accumulator
for antiproton unstacking, which is an additional complication. For 42
bucket spacing, the symmetric case has 18 bunches; the maximum
number of bunches, 22, is provided by the ng = 1 case, again with a
9% luminosity penalty.

The injection and abort kickers will be designed to
accommodate all of the possibilities associated with the cases
underlined in table 18. A summary of the kicker timing
requirements is then:

Abort kicker rise time < 2632 nsec.

Proton injection kicker rise time < 1053 nsec;
flat top(variable): 3948-5922 nsec
fall time < 2632 nsec.

Antiproton injection kicker rise time < 395 nsec;
flat top (variable):790-1184 nsec;
fall time < 1053 nsec.

22
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