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

G. Dugan
December 14, 1989

0. Summary

This discussion will consider a number of points 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 11 (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 np. The number of buckets from the
end of the last batch to the end of the 1/3 ring is labelled I; in
general, this is different from 11. Because there are Ig = 1113/3 = 371
buckets in 1/3 of the ring, we must have:

Is = (n2.pl1 + n2lp + 12 = n2(n1-Dlp + (n2-1)11 + 12. (1)

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

[ s = 371
. -
Batch Batch Batch Batch Batch
| b ] { b | b | b I b
1 ' ' Y <>

One-third of the ring
n 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 = 1/2(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 AQ is in the center of the gap formed by the
l2 empty bunches between FO and BO.
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The entire ring can also be represented by the diagram shown
in Fig. 4 below, which corresponds to the specific case of ny = 1:
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2. Symmetry considerations and the abort gap

Figure 4: The entire ring

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 rcasons to
break this symmetry. A gap in the bunch pattern is required for the
abort kicker at A0 to rise when beam abort is necessary. This gap is
called the abort gap (its length in RF buckets will be designated ly).
In a three-fold symmetric situation, it is naturally provided by the 12
empty buckets whose center is located at AQ, 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 1z naturally gets smaller and smaller as the
number of bunches increases, for a fixed minimum bunch spacing.
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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 l» empty buckets whose center is
located at AO. This is shown diagrammatically in Fig. 3.

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
= nglo on each side. In this situation, the abort gap is extended to 13 =
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 nz = 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 DO) corresponds to ny 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 nj. 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 nj - ng

2x 3 BO nj - ng

1x 1 BO ni- 2ng

TOTAL B0 B - 4n,

1x 3 DO nj - ng

3x 1 DO nj - ng

2x 2 DO ni

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=3njy.

For a fixed proton bunch intensity, the luminosity at each
interaction point is proportional to the number of bunches colliding
(B¢) times the antiproton intensity per bunch Np : that is, L < NpBc.
Without the symmetric extended abort gap, B = B and NTP = 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
< P(B - 20g)/(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 )
= PRy, where Rg= (B - 4ny)/(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, CO, 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, BO, 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 (6n1-
4ng -1) long-range interactions per turn; for the rest (ni-ng) of the
antiproton bunches in batch 2, there will be 2 head-on and (6nq-
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:
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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-dng -1 1
3 ni-ng 6ni-4ng -2 2
TOTAL 3n1-4ng 6ni-4ng -2 2
2ng 6nq-4ng -1 |
1 ni-2ng 6n1-4ng -2 2
_ ng 6ni-4ng -1 1
2 ni-ng 6n1-4ng -2 2
ng 6ni-4ng -1 1
3 nj-ng 6ny-4ng -2 2
TOTAL 3ny-4ng 6ni-4ng -2 2
2ng 6ni-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 2ng
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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 AO; 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 BO
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
sitnation 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 12 + 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 lg
= 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

lp/2 2 58/5.65 = 10.3,
lp=221.

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 |0, l1 and I2

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

N1 =371-Ng = (n2-1)1; + 12, (2)
where No = nzhn(ny-1).

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

Figure 10: Relations between 17 and 1y

The solutions lie along the line shown, at integral values of 11
and 1l3. The line connects the points (I1y,12) = (N1/(n3-1),0) and (O,Nq).

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

Nij =(n2 -1)lp + 12 = 371 - np(n1 -1lp,
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 1p 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 =11, 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 ny 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 nj 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
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Siot '
Tevatron Ib Ia ! lb:|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
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]
| [
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Figure 13: Proton injection kicker start fall

Kicker end fall +

Tevatron | la N lp Ly | =

Figure 14: Proton injection kicker end fall

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

lp =1y if ny >1
lp =1 if np =1.

From the above figures, we can see that the kicker rise time IR,
flat top Ir, and fall time I, must satisfy the requirements:

IR =1p -1 ; where 81 is arbitrary in the range
lp 2 612 0;

It =1p + 82 ; where 82 1s arbitrary in the range
1228220,

Ip £1;-67.
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To ease the rise time requirement, we want lp to be as large as
possible and 61 =0. In general, 12 >1j, 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 cased by making &7
= 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
]
]
' -

Tevatron I I I >

protons b a b l
1
]

Tevalron Slot

antiprotons < | I ['prn | I

b p: b a b
1
1
!
Main Ring - : Ib

!
i
,

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:

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

It =1p + 82 ; where &2 is arbitrary in the range
la-lp-lp23220.

IF €la-lp-IR - 02

Ip €la-lp-1p+ (81 -32).

The requirement is basically (Ir + It + 1)< 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 Iy 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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lp (i.e., 81 > 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 ni =
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 nm
> 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 <
11) 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:

. . AO
Kicker start rise
(earliest) ¢
:
1
|
Tevatron | | | >
protons b 4 b
i
Tevatron '
antiprotons - | 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
i1s 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 § 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 1z, 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 np = 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 ni< 4, for
the reasons discussed above related to unstacking from the
Accumulator.
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TABLE 4

PANAMETERS FOR BUNCH SPACING CPTIONS;
kunch spacings in Rf buckets, kicker times in nsec
numker of bunches per katch omitted to form an extension of the abort gap = G

Options restricted te those appropriate for proton injection:
n?2 = 1 only, and the kicker tlmes satisfy the following limits:
proton injectien kicker rise time greater than 350.000 nsec
precton injecticn kicker fall time greater than 900.000 nsec
abort kicker rise time greater than  2200.000 nsec

ni n2 b bg 10 1b 11 12 n prise pfall pbrise pbfall flatt abortg abrise blccl dicol nbk0¢ nblc nbZe

1 1 3 3 357 0 357 3N 17 8373, 6975. 0. 0. 0. 6975, 86975, 3 3 0 0 3
2 1 [ 6 168 168 168 203 8 3Bl6. 3816, a. 0, 3158. 3816, 38lse. & & 0 ] 6
E] 1 9 9 105 210 105 161 5 3027. 3027. 0. 0. 3948. 3027. 3027. 9 9 0 0 9
4 1 1z 12 84 252 84 119 4 2237. 2237. Q. 0. 4738. 2237. 2237. 12 12 0 0 12
5 1 15 i5 63 252 63 119 3 2237, 2237 0. 0. 4738. 2237, 2237. 15 15 0 0 15
3 1 18 18 42 210 42 161 2 3027, 3027, 0. 0. 3948. 3027. 3027. 18 18 0 0 18
7 1 21 21 42 252 42 119 22237, 2237, 0. 0. 4738. 2237. 2237. 21 21 0 0 21
9 1 27 27 21 168 21 203 1 3816. 13Bl16. 0. 0. 3138. 3ele. 3816 27 27 Al 0 27
10 1 30 30 21 189 21 182 1 3422, 3422, 0. 0. 3553, 3422, 3422, 30 3o a 4] 30
11 1 33 33 21 214 21 16l 1 3027. 3027. 0. 0. 3948. 3027. 3027. 33 33 0 0 33
12 1 36 36 21 231 21 140 1 2632. 2632. 0. 0. 4343, 2632. 2632. 36 36 0 0 36

13 1 39 39 2l 232 21 119 1 2237, 2237. Q. 0. 4738. 2237. 2237. 39 39 0 0 39

G2



TABLE 5

PARAMETERS FOR BUNCH SPACING OPTIONS;
punch spacings in Rf buckets, kicker times in nsec
nurker of bunches per batch omitted to form an extension of the abort gap = 0

Options restricted to those appropriate for antiproton inijection:
nl less than or equal to 4, and the kicker times satisfy the fellowing limits:
antiproten injection kicker rise time greater than 350.000 nsec
antiproton injection kicker fall time greater than 900.000 nsec
abort kicker rlse time greater than 2200.000 nsec

nl nZ b bg 10 ib 11 12 n prise pfall pbrise pbfall {latt abeortg abrise bbcol dlcel nbklc nblc nb2c

1 3 9 9 105 0 105 1861 5 0. 0. 1974. 1053. 0. 3027. 30z7. 9 9 0 o3 9
1 5 15 15 63 0 63 119 3 0. 0. 1184. 1053. 0. 2237, 2237, 15 15 0 o 15
2 3 18 18 42 42 42 16l 2 0. 0 790, 1448, 790, 3027. 3027, 18 18 3] 4] 18
1 3 18 18 42 0 4z 161 2 0. 0 790. 2237. 0. 3027. 3027. 18 18 0 0 18
1 7 21 21 42 0 42 119 2 0. 0. 790, 1448. 0. 2237. 2237. 21 21 0 ] 21
3 3 27 27 21 42 21 203 1 0 0 395. Ze32. 790. 38l6. 38le6. 27 27 0 0 27
1 9 27 27 21 o 21 203 1 0 0 395. 3422. 0. 3816. 3816. 27 27 0 0 27
2 5 30 30 21 21 21 182 1 0. 0. 395. 2832, 395. 3422. 3422, 30 30 0 0 30
1 10 30 30 21 0 21 182 1 0. 395. 3027. 0. 3422. 3422. 30 30 0 0 30
1 11 33 33 21 0 21 161 1 G. 0 395. 2632, 0. 3027. 3027. 33 33 0 0 33
4 3 36 36 21 63 21 140 1 0. 0. 395. 1053. 1184. 2632. 2632. 36 36 0 0 36
3 4 36 36 21 42 21 140 1 0. 0. 395. 1448, 790. 2632. 2632. 36 36 0 0 36
2 [ kL 36 21 21 21 140 1 a. 0. 395, 1842. 395, 26327. 2637, 36 36 0 0 36
1 12 36 36 21 0 21 140 1 0. 0. 395. 2237. 0. 2632. 2632. 36 36 0 o3 36
1 i3 39 39 21 0 21 119 1 0 0 385, 184z, 0. 2237. 2237. 39 39 a 4] 39

92



TABLE ¢

INCH O SPACING CPTIONS:
punch spacings in Rf buckets, kicker times ir nsec
mumner of bunches per batch omitted no fonr  an extensicon c¢f the abort gep = -

nl n? b bg 10 b 11 12 n prise pfall pbrise pbfall flart abortg abrise bbdcol dlcol nbOc nble nbic

1 1 3 1 357 0 357 371 17 &975. 20388. 6875. 13423. 0. 20398, 20398. 0 1 0 1 ¢

2 1 ] 4 168 1e8 168 203 B 3g16. 10133. 3816. 3158. 3158, 10132, 10133. 2 4 0 2 2

1 2 3 4 168 4 168 203 8 3158. 10133. 3158. 6975, 0. 10133, 10123, 2 4 Q 2 2

3 1 9 7 102 210 1905 162 5 3027. 8975, 3027, Q. 3948, 4973, 6915, 5 7 0 2 5

1 3 9 7105 ¢ 105 181 5 1974, 6975, 1974, 5001, 0, 6973, 8975, 5 7 a 2 5

4 1 12 10 84 252 84 119 4 2237. 5396, 2Z37. -1579. 4738. 5396. 5396. 8 10 0 2 8

Fa 2 1z 10 24 84 84 119 4 1579. 5396, 1579, 2237, 1579. 5396, 5306, 8 10 Q 2 8

1 L] 12 10 84 0 B4 119 4 1573. 3396. 1579. J381s. 0. 5386, 5396, 8 16 Q 2 8

1 15 13 63 252 63 116 32237, 4606. 2237. -2369. 473B. 4€06. 4606. 11 13 0 2 11

i > 13 13 83 0 63 1189 3 1184, 4806. 1184. 3427, 0. 46le. 4606, 11 13 0 2 11

& 1 18 16 42 210 42 161 2 3027, 4606. 3027. -2369. 3948, 4606. 4606, 14 16 o] p 14

3 2 18 1le 42 84 42 16l 2 780. 4606. 790. 2237. 1579. 4606. 4606. 14 16 ¢ Z 14

2 3 18 16 42 42 42 16l 2 750, 4606, 790, 3027, 749G, 4606, 4606, id 14 o 2 14

1 g 18 le 42 0 4z 161 2 730, 4606.  790. 3Bl4. 0. 4606, 4604, 14 16 0 2 14

7 21 1% 42 252 42 113 2 2237, 38le, 2237, -3158. 4738. 23816, 3Bls, 17 19 o 2 i7

1 721 1% 42 0 42 119 2 780, 38le.  790. 3027. 0. 3816. 3Bl6. 17 19 4] 2 i7?

g i 24 22 42 2% 42 77 2 1448, 3027. 1448. -3948. 5527. 13027. 3027, 20 22 ¢ 2 20

4 2 24 22 42 126 42 17 2 790, 3027, 790, -132, 2369, 3027, 3027, 20 22 ] 2 20

2 4 24 22 42 42 4z 77 2 7%0. 3027.  790. 1448. T90. 3027. 3027. 20 22 o 2 20

1 8 24 22 42 0 42 17 2 7%0. 3027.  790. 2237. 0. 3027, 3027, 20 22 ] 2 20

9 T 27 Z5 21 168 21 203 1 38l6. 4606. 238le. -236%9. 2158, 4606. 4606, 23 25 o z 23

3 223 25 21 42 21 203 1 385, 4806. 395, 3422, TA0. 4e06. 4606, 23 25 o] 2 23

i 8 27 25 21 o 21 203 1 385, 4606. 395, 4211, 0. 4606, 4606, 23 25 ¥l 2 23

19 1 30 28 21 18% 21 182 1 3422, 4211, 3422 -2764. 2533, 4211. 4711, 26 28 ] 2 26
5 2 30 28 21 84 21 182 1 385, 4211. 395. 2237. 1%79. 4211. 4211. 26 28 C Z 26

2 5 3¢ 28 21 21 21 182 1 395, 4211, 295, 3422, 395, 4211, 4211. 6 28 i} 2 26

11 2 28 21 ¢ 21 182 1 3%, 4211. 395, 3816, 0. 4211. 4211, 26 28 ) 2 26

il 1 33 31 21 210 21 1s&l 1 3p27. 38ile. 2027, -3158, 23548, 23816, 3816, 25 3l ¢ 2 28
1 11 33 31 21 ¢ 21 161 1 395, 3Ble. 395, 3422, 0. 3Bl6. 3Bi6. 29 3l ¢ 2 29

iz 1 36 34 21 231 21 140 1 2632. 3422, 2632, =-3553., 4343, 3422, 3422, 3z 34 0 2 3z
4 2 36 34 2zl 105 21 1L40 1 395, 3422, 385, 1053, 1974, 3422, 3422, 32 34 Q 2 3z

4 3% 14 21 63 21 140 1 393, 342z, 395, g4z, 1184, 3422, 3422, a2 34 Q 2 32

3 4 30 34 21 42 21 140 1 395. 3422. 385, 2237, T90. 3422, 3422. az 34 1 2 32

2 6 3 3 21 21 2@ 140 1 395, 3422, 385, 2eaz, 395, 3422, 3422, 32 EL) 0 2 32

1 12 3& 34 21 g 21 140 1 395, 3422, 385, 3027. 0. 3422. 2422, 32 34 0 2 32

13 i3 37 21 252 21 119 1 2737, 3027, 2237, -3948, 4738, 3027, 3027, 35 37 0 2z 35
1 1z 38 v 21 0 21 118 1 3830 2027, 30530 2632, ¢, 2027, 3027, 35 a7 0 2 35

14 P42 40 21 273 21 98 1 184Z. 2632. 1842, -4343. 5132. 2632Z. 2632. 38 40 0 2 38
¥ 2 42 40 21 126 21 98 1 385, 2632, 395, -132. 2369. 2e32. 2632, 38 40 0 2 38

2 T4z 40 2i 21 21 98 1 385, 2632, 395, 1lB4z, 395, 2832, 2632, kL 40 0 2 28

i 14 42 40 21 o zZ1 %8 1 385, 2632, 395, 27237, 0. 2832, Z63Z. 38 40 ¢} 2 38

15 1 45 43 21 294 22 M 1 1448, 2237, 1448, -4738, 5527, 2237, 2237, 41 43 ¢ 2 1
5 3 45 43 21 B4 21 7 1 385, 2237, 395. 263. 1578, 2237, 2237. 41 43 ¢ 2 41

3 5 45 43 21 4z M 1 395, 2237, 395, 1053, 780, 2237, 2237, 41 43 9 2 41

1 15 45 43 21 0 21 1M 1 395, 2237, 395, 1842, G. 2227, 2237. 41 43 0 2 41

16 1 48 46 21 315 21 56 1 1053, 1842, 1053, -5132, 5927, 1842, 1B4Z, 44 46 0 2z 44
8 2 48 46 21 147 21 Se 1 395. 1842, 395, -1316. 2764, 1842. 1842. 44 46 0 2 44

4 4 48 46 21 83 21 5@ 1 395, 1842, 395. 263, 1184. 1842. 1842, 44 46 4 2 44

2 8 48 46 21 21 21 56 1 395, 1842, 395. 1053, 395, 1s4z, 1842, 44 46 G 2 44

T lp 48 46 21 ¢ 1 56 T 395, 1842, 355, 1448, 0. 1s42. 1842, 44 46 Y 2 4

17 1 51 4% 21 336 21 35 1 50B. 1448, B5B. -5627. &317. 1448. 1448, 47 48 a 2 47
1 17 2l 49 71 Q 2t 2% 1 395. 1448, 385, 1053, C. 1448, 1448, 47 49 Q 2 47

Le



TABLE 7
PARMETERS FOR BUNCIH SPACING GOPTTONS:
bunch spacings in Rf buckets, kicker times in nsec
numkxer of bunches per batch omitted to form an extension of the abort gap = 1

Optiens restricted to those appreopriate for proton injection:
n2 = 1 only, and the kicker times satisfy the following limits:
proton injection kicker rise time greater than 350.000 nsec
proton injection kicker fall time greater than 900.000 nsec
abort kicker rise time greater than 2200.000 nsec

nil nzZ b bg 10 1k 11 12 n prise pfall pbrise pkbfall flatt abortg abrise blcol dicel nblc nklc nbk2c

1 1 3 1 357 0 357 371 17 8975. 20398. 0. 0. 0. 20398. 20398. 0 1 ] 1 0
2 1 6 4 168 1e8 1eB 203 8 38le. 10133, 0. 0. 3158. 10133. 10133, p 4 0 2 2
3 H 9 7 105 210 105 181 5 3027, 6975, G- 0. 3948. 6975, 6975, 3 7 0 2 5
4 1 12 10 84 252 84 119 4 2237. 5396, 0. 0. 4738. 5396. 5396, 8 10 1] 2 8
5 1 15 13 63 252 63 119 3 2237, 4606, 0. 0. 4738. 4606. 4606, 11 13 0 2 11
G 1 18 16 42 210 42 1lel 2 3027. 4606, G. 0, 3948. 4606. 4606, 14 16 Q 2 14
7 1 21 19 42 252 42 119 2 2237. 38le. 0. 0. 4738. 3816. 3816, 7 19 0 2 17
8 1 24 22 42 294 42 I 2 1448, 3027. 0. 0. 5527, 3027, 3027. 20 22 0 2 20
9 1 27 25 21 168 21 203 1 38l6. 4606 0. 0. 3158. 4606. 4606, 23 25 0 Z2 23
10 1 30 28 21 189 21 182 1 3422, 4211. 0. 0. 3553. 4211. 4211, 26 28 0 2 26
11 1 33 31 21 210 21 161 1 3027. 3816. Q. 0. 3948. 3816. 3816. 29 31 0 2 29
12 1 36 34 21 231 21 140 1 2632. 3422, 0. 0. 4343. 3422. 3422, 32 34 0 2 32
13 1 39 37 21 252 21 119 1 2237, 3027, 0. 0. 4738, 3027, 3027. 35 37 0 2 35
14 1 42 40 21 273 21 98 1 1842. 2632. J. 0. 5132. 2632. 2632. 38 40 ] 2 38

13 1 45 43 21 294 21 77 1 1448, 2237. 0. 0. 5527. 2237. 2237. 41 43 0 2 41

Q¢



TABLE 8
FARAMETERS FOR BUNCH SPRCING OPTICNS;
punch spacings in Rf buckets, kicker times in nscc
numper of bunches per batch omitted to torm  an extensicn of the abort gap = 1

Options restricted to those appropriate for antiproton injection:
nl iess than or equal to 4, and the kicker times satisfy the following limits:
antiproton injecticn kicker rise time greater than 350.000 nsec
antiproton injection kicker fall tlme greater than 900.000 nsec
abort kicker rise time greater than 2200.000 nsec

nl nZz b bg 10 1b 11 12 n prise pfall pbrise pbfall flatt abortg abrise bOcol dlcel nkdc nblc nblc

1 1 3 1 357 0 357 371 17 0. 0. 8975. 13423. 0. 20398. 20398. ¢ 1 ¢ 1 0
2 1 6 4 168 168 168 203 8 0. 0. 3816. 3158. 3158. 10133. 10133. 2 4 0 2 2
1 2 & 4 leg 0 le8 203 8 a. 0. 3158. 975, 0. 10133, 10133. 2 4 0 2 2
1 3 9 7 105 0 105 161 5 0. 0. 1974. 5001. 0. 6975. 6975. 5 7 0 2 5
2 2 12 10 84 84 84 119 4 0. 0. 1579. 2237. 1579. 5396. D5396. 8 10 0 2 B
1 4 12 10 84 0 g4 119 4 0. 0. 1579. 38lea. 0. 5396. 5396, 8 10 0 2 8
1 5 15 13 63 0 63 119 3 0. 0. 1184, 3422. 0, 4606. 4606, il 13 0 2 11
3 2 18 16 42 84 42 161 2 0. 0 790, 2237. 1579, 4606. 4606, i4 16 0 2 14
2 3 18 16 42 42 42 16l 2 0. 0 790. 3027. 790. 4606. 4606. 14 16 0 2 14
1 6 18 16 42 g 42 1el 2 0. 0 790.  38le. 0. 4606. 4606, 14 16 0 2 14
1 7 21 19 42 0 47 119 2 0. 0. 790, 3027, 0. 381e. 3Ble, 17 19 0 2 17
2 4 24 22 42 42 42 77 2 0. 0. 790, 1448, 790, 3027. 3027, 20 22 0 2 20
1 8 24 22 42 o} 42 77 2 0. 0. 790, 2237, 0. 3027. 3027. 20 22 0 2 20
3 3 27 25 21 12 21 203 1 0. Q. 395. 3422. 790. 4606. 4606, 23 25 0 2 23
1 9 27 25 21 0 21 203 1 o) 0. 395. 4211, 0. 4606, 4606, 23 25 0 2 23
2 5 30 28 21 21 21 182 1 Q Q. 395. 3422. 395. 4211, 4211. 26 28 34 2 26
1 10 30 28 21 ] 21 182 1 0 a. 395, 38le. 0. 4211, 4211. 26 28 o 2 26
1 11 33 31 21 0 21 lel 1 0 o} 395. 3422, 0. 38l6. 38lé. 29 31 o3 2 29
4 3 36 34 21 63 21 140 1 0. 0. 395. 1842. 1184. 3422. 3422. 32 34 0 2 32
3 4 36 34 21 42 21 140 1 J. 0. 395. 2237, T90. 3422, 3422, 32 34 g 2 32
2 4] 36 34 21 21 21 1440 1 0. 0. 395. 2e632. 395. 3422, 3422, 32 34 0 2 32
i 12 36 34 21 G 21 1438 1 0. 0. 395. 3027. 0. 3427. 3422. 32 34 o} 2 32
1 i3 39 37 21 & 21 il¢ 1 0. 0. 395. 2632, 0. 3027. 3027. 35 3y 0 2 35
2 7 42 40 Z1 21 21 28 1 0. 0 395, 1B4Z. 383, 2632. 2632, 38 40 0 2 38
1 14 12 10 21 0 2% 98 1 0. 0 395. 2237. 0. 2632. 2632. 38 10 0 2 38
3 5 45 43 21 42 21 ” 1 0. 0. 395. 10653, 790. 2237. 2237. 41 43 0 2 41
1 15 45 43 21 0 21 ks 0. 0. 395, 1842. 0. 2237. 2237. 41 43 0 2 41

62



TABLE 9
PARAMETFRS FOR BUNCIH SPACING CPTLGNS;
curnch spacings in Rf buckets, kicker times in nsec
rnumker of bunches per batch omitted te form an extension of the abort gap = 2

nl n2 L bg 10 ib 11 12 r prise pfall pbrise pbfall flatt abortg abrise bklcol docel nblc nblc nb2c

2 1 6 2 1e8 168 1le8 203 8 3816. 16450. 3816. 9475. 3158. 16450. 16450. 0 2 0 2 0
3 1 9 5 105 210 103 1sl 5 3027. 10923. 3027. 3948. 3948. 10923. 109%23. 2 5 o 3 2
4 1 12 8 84 252 84 119 4 2237. B534. 2237. 1579. 4738. 8554, 8554, 4 8 0 4 4
2 2 12 8 84 84 44 119 4 1579, 8554, 1579. 5396, 1579. B554. 8554, 4 8 0 4 4
5 1 15 11 63 252 63 119 3 2237. ©975. 2237. 0. A4738. ©973. €975, 7 11 0 4 ?
8 1 18 14 42 210 42 161 2 3027. &l185, 3027. -790., 3948. 6185, 6185, 10 14 0 4 10
3 2 18 14 12 84 42 1lel 2 790. 6185. 790. 3816. 1579. 6185. 6185. 10 14 0 4 10
2 3 18 14 42 42 42 1lel 2 790. 6185, 790. 4606, 790. 6185, bBl185. 10 14 0 4 10
7 1 21 17 42 252 42 119 2 2237. 5396. 2237. -1579. 4738. 5396. 5396. 13 17 0 4 13
8 1 24 20 42 294 42 77 2 1448. 4606. 1448. -23689. 5527. 4606. 4606, le 20 0 4 16
4 2 24 20 42 126 42 77 2 790. 4606, T90. 1448, 23692. 4606. 4606. 16 20 0 4 16
2 4 24 20 42 42 4z 77 2 7%0. 4606. 790, 3027, 790, 4806,  4606. le 20 0 4 16
9 1 27 23 21 1638 21 203 1 3816. 5396. 3B16. -1579. 3158. 5396. 5396, 12 23 0 4 19
3 3 27 23 21 42 21 203 1 395. 539%6. 3%85. 4211, 790. 53%6. 53%6. 19 23 0 4 19
10 1 30 26 21 18% 21 182 1 3422, 5001. 3422, -197¥4. 3553. 5001. 5001. 22 26 0 4 22
5 2 30 26 21 84 21 182 1 385. 5001. 395. 3027, 1579, 500l. 5001. 22 26 0 4 22
2 5 30 26 21 21 21 182 1 385. 5001. 395, 4211, 395 5001. 5001, 22 26 0 4 22
11 1 33 29 21 210 21 161 13027, 4806. 3027 -2369. 3948. 4606. 4606. 25 29 0 4 25
12 i 36 32 21 231 21 140 1 2632. 4211. 2632. -2764. 4343. 4211. 4211. 28 3z o 4 28
3 2 36 3z 21 105 1140 1 395. 4211, 395, 1842. 1974, 4211. 4211, 28 32 % 4 28
4 3 36 32 21 63 21 140 1 395, 4211. 395. 263272, 1184, 4211. 4211, 28 32 o 4 28
3 4 36 32 s 42 21 140 1 3950 4211. 395. 3027, 790. 4211. 4211. 28 32 0 4 28
2 6 36 37 21 21 21 140 1 395. 4211. 395. 3422. 395, 4211. 4211, 28 32 0 4 28
13 1 39 35 21 252 21 115 1 2237, 381e. 2237. -3158. 4738, 381&6. 38l6. 31 35 4 4 31
14 1 42 38 21 273 21 28 1 1842, 3422. 18B42. -3553. D5132. 3422. 3422. 34 38 0 4 34
7 2 42 38 21 126 21 98 1 395. 3422, 395, 658, 2369, 3422. 3422. 34 38 0 4 34
2 7 42 33 21 21 21 28 1 395, 3422, 395. 2632, 395, 3422, 23422, 34 38 0 4 34
15 1 45 41 21 254 21 77 11448, 3027. 1448. -3948. 5527. 3027. 3027. 37 41 0 4 37
9 3 45 41 21 84 21 77 H 395. 3027. 395. 1053. 157¢. 3027. 3027. 37 41 ¢} 4 37
3 5 45 41 21 42 21 7 1 395, 3027, 395. 1s42. 790. 3027. 3027. 37 41 0 4 37
16 1 48 44 21 315 21 56 1 1053. 263Z. 1033. -4343. 5972. 2632. 2632, 40 44 G 4 40
8 2 48 44 21 147 21 56 1 395. 2632. 395. =-526. 2764. 2632. 2632. 40 44 0 4 40
4 4 48 44 21 63 21 56 1 395, 2632. 395. 1053. 11B4. 2632. 2632. aQ 44 0 4 40
2 8 48 44 21 21 21 56 1 395. 2632. 395. 1842. 395. 2632. 2632. 40 44 0 4 40
17 1 51 47 21 33e 21 35 M €58. 2237. €658, —-4738. 6317. 2237. 2237. 43 47 0 Ll 43

0g



TABLE 10
FARMMITERS TOR BUNCH SPACING OPTIONS;
bunch spacings in Rf buckets, kicker times in nsec
numer of bunches per batch omitted to form an extension of the abort gap = 2

Opticns restricted to those appropriate for proton injecticn:
nZ = 1 only, and the kicker times satisfy the fellowing limits:
proton injection kicker rise time greater than 350.000 nsec
proton injection kicker fall time greater than 200.000 nsec
abort kicker rise time greater than 2200.000 nsec

nl n2 b by 10 kel 11 12 n prise plall pbrise pbfall flatt abortg abrise hblcel dicel nbklc nble nbie

2 1 6 2 168 168 168 203 8 3816. 16450, a. 0. 3158, 16450. 16450. 0 2 C 2 o}
3 1 9 53 105 210 105 161 5 3027. 10923, 0. 0. 3948, 10923, 10923, 2 5 0 3 2
4 1 12 8 84 252 84 119 4 2237. 8554. 0. 0. 4738. 8554. 8554. 4 8 0 4 4
5 1 13 11 63 252 83 119 3 2237. 6875, 0. 0. 4738. 6973. 6975, 7 11 0 4 7
3 1 18 14 42 210 42 1lel 2 3027. 6185, 0. 0. 3948. 6185. 6185, 10 14 0 4 10
7 1 21 17 42 252 42 119 2 2237 5396, 0. 0. 4738. 5396. 5396. 13 17 0 4 13
8 1 24 20 42 294 42 m 2 1448. 4606, 0. 0. 5527. 4606. 4606, 16 20 0 4 16
2 1 27 23 21 1le8 21 203 1 38le. 5396. 0. 0. 3158. 53%6. 5396. 19 23 0 4 19
10 1 30 26 21 189 21 182 1 3422, 5001. 0. 0. 3553, 5001. 5001. 22 26 0 4 22
11 1 33 29 21 210 21 1e61 1 3027. 4606. 0. 0. 3948. 4606. 4606, 25 29 0 4 25
12 1 36 32 21 231 21 140 1 2632. 4211. 0. 0. 4343, 4211. 4211. 28 3z 0 4 28
13 1 39 35 21 252 21 119 1 2237. 381e. 0. 0. 4738. 38l16. 38lé. 31 35 0 4 31
14 1 42 38 21 273 21 98 1 1842, 3422, a. 0. 5132. 3422. 3422. 34 38 0 4 34
15 1 45 41 21 294 21 7 1 1448. 3027. 0. 0. 5527. 3027. 3027. 37 4l G 4 37
16 1 48 44 21 315 21 56 1 1053. 2e63z2. 0. 0. 5822, 2632. 2632, 40 44 0 4 40

17 1 51 47 21 336 21 35 1 €58. 2237. 0. 0. 6317, 2237, ZZ37. 43 47 ] 4 43

TE



TABLE 11
PARAMETERS FOR BUNCH SPACING OPTIONS;
bunch spacings in Rf buckets, kicker Limes in nsec
number of bunches per batch omitted to form an extensicn of the abort gap = 2

Options restricted to those appropriate for antipreton injection:
nl less than or equal to 4, and the kicker times satisfy the folleowing limits:
antiproton injection kicker rise time greater than 350.000 nsec
antiproton injection kicker fall time greater than 200.000 nsac
abort kicker rise time greater than 2200.9000 nsec

nl n2 b bg 10 1b 11 i2 n prise pfall pbrise pbfall flatt abortg abrise Dbfcol dicol nblc nble nb2c

2 1 & 2 168 168 168 203 8 Q. 0. 3816. 9475. 31538. 16450. 16450. 0 2 g 2 ]
3 1 9 5 105 210 105 161 5 0. 0, 3027. 3948, 3948, 10923. 10923, 2 5 0 3 2
4 1 12 8 84 252 84 119 4 0. 0. 2237. 1579. 4738. 8554. 8554. 4 8 o] ] 4
P 2 17 8 24 84 84 119 4 o. g 1578, 53%6, 157%. 8554 8554, 4 8 0 ] 4
3 2 18 14 42 84 42 1lel 2 0. 0. 790. 381e. 1579. &185. 6185, 10 14 0 ] 10
2 3 18 14 42 42 42 1861 2 0. a. 790. 4606. 790. 6185. 6185, 10 14 o 4 10
4 2 24 20 42 126 42 77 2 0. 0. 790. 1448, 2369, 4606. 4606, 186 20 o 4 16
2 ] 24 20 42 42 42 m 2 0. 0. 790. 3027, 790. 4606. 4606. 16 20 0 Ll 16
3 3 27 23 21 42 21 203 1 0. 0. 395. 4211, 796. 5396. 5396. 19 23 0 4 19
2 5 30 26 21 21 21 182 1 0. 0. 395. 4211. 395, 5001. 5001, 22 26 0 4 22
4 3 36 32 21 63 21 140 1 0. 0. 395. 2632. 1184. 4211. 4211, 28 32 0 4 28
3 4 36 32 21 42 21 140 1 0. a. 395. 3027. 790. 4211, 4211. 28 32 3] 4 28
2 [ 36 32 21 21 21 140 1 0. 0. 395. 3422. 395. 4211. 4211. 28 32 0 4 28
2 7 12 38 21 21 z21 98 1 0. 0. 395, 2632. 395.  3422. 3422, 34 38 0 4 34
3 5 43 41 21 42 21 77 1 G. 0. 395, 1842. 790, 3027. 3027. 37 41 5 El 37
4 4 438 44 21 63 21 56 1 C. 0. 395. 1053, 1184. 2632, 2632. 40 44 o 4 40
2 8 418 44 21 21 21 56 1 C. 0. 395. 1842, 395. 2632, 2632, 40 44 0 4 40

ct



TABLE 12
PARAMETERS TOR DBUNCH SPACING OFTIONS;
bunch spacings in RI buckets, kicker times in nsec
number of bunches per batch omitted to form an extension of the abort gap = 3

nl nz b bg 10 I» 11 12 n prise pfall pbrise pbfall flatt abertg abrise blcol dlicol nbdc nblc nbZc

3 1 9 3 105 210 105 1el S5 3027, 14871, 3027. 7896, 3948, 14871, 14871. 0 3 0 3 0
4 1 12 6 84 252 84 119 4 2237, 11712. 2237. 4738. 4738, 11712. 11712. 2 ] 0 1 2
5 1 15 g 63 252 63 119 3 2237. 9344, 2237. 2369. 4738. 9344. 9344. 4 9 0 5 4
@ 1 18 12 42 210 42 16l 2 3027. 77e4. 32027. 720. 3948. 77ed. 7764. 6 12 0 [} 6
3 2 18 12 42 84 42 1lel z 790. 7764, 790, 53%6. 1579. 7764. 7764, 6 12 0 [3 6
7 1 21 15 42 252 42 119 2 2237. 6975. 2237. 0. 4738. 6975. 6975, 9 15 0 6 9
& 1 24 is 42 294 42 77 2 1448. 6183. 1448. -79%0. 5527. 6185. 6185, iz 18 0 & 12
4 2 24 18 42 176 42 m 2 790. 6185, T90.  3027. 2369. €185. €185, 12 18 0 6 12
9 1 27 21 21 168 21 203 1 383le. 6185. 38le. -—790., 3138. 6185. 6185, 15 21 0 6 15
3 3 27 21 Z21 42 21 203 1 395. 6185, 395. 5001. 790. 6185. 6185, 15 21 0 6 13
10 1 30 24 21 18% 21 182 1 3422. 5790, 3422, -1184. 3553. 579%0. 5790. 18 24 0 6 18
5 2 30 24 21 84 21 182 1 395. 5790. 395. 38le. 1579. 5790. 3790. 18 24 0 6 18
11 1 33 21 21 210 21 1s1 13027 5396, 30Z7_ -157%. 3948, 5396. 5396, 21 27 0 6 21
12 1 36 30 22 231 21 140 1 2632, 5001. 2632. -1974. 4343, 5001. 5001, 24 30 0 6 24
[3 2 36 30 2t 105 21 140 1 395. 5001, 395, 2632, 1974, 5001. 5001. 24 30 o] 6 24
4 3 36 30 21 63 21 140 1 395. 5001. 395, 3422 1184, 5001. 5001. 24 30 0 6 24
3 4 36 30 21 42 21 140 1 395. 5001. 395. 3Ble. 790. 5001. 5001. 24 30 o 6 24
13 1 39 33 21 252 21 119 1 2237, 4606, 2237. -2369. 4738. 4606. 4606, 27 33 0 6 27
14 1 42 36 21 273 21 98 1 1842, 4211. 1842, -27e4. 5132, 4211. 42il. 30 36 1 6 30
7 2 42 36 21 1i6 21 98 1 395. 4211, 395. 1448. 2365. 4211. 4211. 30 36 0 6 30
i5 1 45 39 21 294 21 77 1 1448. 38B16. 1448. -3158. 5527, 3Bl6. 3816, 33 32 0 6 23
5 3 45 39 21 84 21 77 1 3953. 38ls. 395. 18B42. 1579. 381&. 3B1s. 33 39 0 [ 33
3 5 45 39 21 42 21 77 1 395, 38ls. 395. 2632, 790. 38le. 38le. 33 39 Q 5 33
16 1 48 42 21 315 21 56 1 1053, 3422. 1053. -3553. 58522Z. 3422. 342272. 36 42 0 6 3%
8 2 18 42 21 147 21 56 1 395, 3422. 395. 263. 2764. 3422. 3422. 36 42 0 [ 36
4 4 48 4z 21 63 21 56 1 395. 3422, 395. 1842, 1184, 3422, 3422. 36 42 0 [ L3

17 1 51 45 21 336 21 35 1 G58. 3027. 658, —-3%948. &317. 3027. 3027. 39 43 o o 39

13



TABLE 13
PARAMETERS TOR BUNCH SPACING OPTICNS;
bunch spacings in Rt buckets, kicker times ir nsec
number of bunches per batch omitted to form an extension of the abort gap = 3

Options restricted to those appropriate for proton injection:
nZ = 1 only, and the kicker times satisfy the following limits:
proton injection kicker rise time greater than 350.000 nsec
proton injectien kicker fall time greater than 300.000 nsec
abort kicker rise time greater than 2200.000 nsec

nl n?Z b bg 10 1b 11 12 n prise pfall pbrise pbfall flatt abortg abrise blOcol dicel nkOc nklc nb2c

3 1 9 3 105 210 105 1el 5 3027, 14871. 0. 0. 3948. 14871. 14871. 0 3 3] 3 0
4 1 12 [ B84 252 84 119 4 2237, 11712. 0. 0. 4738. 11712. 11712. 2 ] 0 4 2
5 1 15 9 63 252 63 119 3 2237, 9344, 0. 0. 4738. 9344. 9344. 4 9 0 5 4
6 1 18 12 47 210 42 161 2 3027, Tie4. 0. 0. 3948. 7764. 7T764. 6 12 o} G ]
7 1 21 i5 42 2527 42 119 2 2237, 6975, (U8 0. 4738. 6975. 6975. 9 15 0 o 9
B 1 24 is 42 294 42 m 2 1448. bl8b. 0. 0. 5b27. 6185. 6185, 12 18 0 6 12
9 1 27 21 21 168 21 203 1 3816, &185. 0. 0. 3158. 6185. 6185, 13 21 0 6 15
10 1 30 24 21 189 21 182 1 3422. 5790, 0. 0. 3553. 5790. 5780, 18 24 3] 6 18
11 1 33 27 21 210 21 1sl 1 3027, 5396, 0. 0. 3948. 5396. 5396. 21 27 0 6 21
12 1 36 30 21 231 21 140 1 2632. 5001. 0. 0. 4343. 5001, 5001, 24 30 0 o 24
13 1 39 33 721 252 21 119 1 2237. 4el6. 0. 0, 4738, 4606, 4606, 27 33 0 ] 27
14 1 42 36 21 273 21 98 1 1842. 4211. 0. 0. 5132. 4211. 4211. 30 36 0 6 30
15 1 45 39 21 294 21 77 1 1448. 38le. 0. 0. 5527. 38l6. 38l6. 33 38 0 ] 33
16 1 48 42 2 315 21 56 1 1053. 3422. 0. 0. 5922, 3422. 3422. 36 42 o} © 36

17 1 51 45 21 336 21 35 1 658. 3027. 0. 0. 8317, 3027, 3027, 39 45 0 6 39

ne



PARAMETERS FOR BUNCH SPACTNG OPTICNS;

bunch spacings in Rf buckets,
numicer of kunches per batch omitted to form  an extension of the abort

TABLE 14

kicker times in nsec

Cptions restricted to those appropriate for antiproton injection:

nl less than or equal to 4, and the kicker times satisfy the following
antiproton injection kicker rise time greater than
antiproten injection kicker fall time greater than
2200.000 nsec

abort kicker rise time greater than

nl

LSV N

n2

A

b

12

18

24

27

38
36

45

48

bg

i8

21

30
30

39

42

10

105

84

42

21
21

21

21

lb

2190

252

84

126

4z

63

42

3

11

145

84

42

42

21

21

21

21

12

lel

119

lel

77

140
140

17

56

350.000 nsec
900.000 nsec

n prise pfall pbrise pbfall

5 0.
4 J.
2 0.
pi 0.
i 0.
1 0.
1 Q.
1 0.

0.

u.

[= N

3027,

2237.

790.

790.

395.

395.
395.

395.

395.

T896.

4738.

5396.

3027.

a001.

3422.
38i6.

2632,

1842.

gap =

limits:

flatt abortg abrise

3948,

4738.

1579,

2369,

790.

1184.
790.

790.

1184,

14871,

11712,

164,

©185.

6185.

5001,
5001.

38ls.

3422.

14871,

11712,

1764,

6185,

6185.

3001,
5001.

3816,

3422,

blcol ddcol

12

15

24
24

33

36

12

18

21

30
30

39

42

nb0c

[a el

nblc

nbZc

12

15

24
24

33

36

g



TABLE 15
PARAMMETERS FOR BUNCH SPACING OPTIONS;
bunch spacings in Rf buckets, kicker times in nsec
number of bunches per batch omitted to form an oxtension of the abort gap = 4

nl nz b bg 10 1k i1 12 n prise pfall pbrise pbfall flatt abortg abrise bpbOcol d0col nblc nblc nb2e

4 1 12 4 84 252 84 119 4 2237, 14871. 2237. 7B96. 4738. 14871. 14871. o 4 0 4 0
5 1 15 7 63 252 63 119 3 2237, 11712, 22370 4738, 4738, 11712, 11712 2 7 0 5 2
[ 1 18 10 42 210 42 161 2 3027. 5344. 3027. 2369. 3%48. 9344. 9344. 4 10 0 8 4
7 1 21 13 42 252 42 119 Z 2237, 8554, 2237. 1579. 4738, 8554. 8554, 3 13 0 7 6
g 1 24 16 42 294 42 77 2 1448. 7764. 1448. 790. 5527, TI64. T1764. 8 16 0 8 8
4 2 24 1% 42 126 42 77 2 790, 764, 790. 4606. 2369. T764. T7e4. 8 16 0 8 8
9 1 27 19 21 168 21 203 1 3816. 6975. 3816. 0. 3158. 6975, 6975, 11 19 0 g8 11
10 1 30 22 21 189 21 182 1 3427, 6580. 34Z2. -395. 3353, 6580. 6580. 14 22 0 8 14
5 2 30 22 21 84 21 182 1 395, 6580. 395. 4606. 1579. 6580. 6580. 14 22 0 8 14
11 1 33 25 21 210 21 161 13027, 6185, 3027. -=790. 3948B. 6185. 6185, 17 25 0 8 17
12 1 36 28 21 231 21 140 1 26832, 5790. 2632. -1184. 4343, 57%0. 5790. 20 28 0 8 20
& 2 36 28 21 105 21 140 1 395. 5790. 395. 3422. 1974, 5790. 5790. 20 28 0 8 20
4 3 36 28 21 63 21 140 1 395, 5790. 395. 4211. 1184. 57%D0. 5790. 26 z8 0 8 20
13 1 39 31 21 252 21 119 1 2237. 5396. 2237. —1579. 4738. 539%6. 5396. 23 31 0 8 23
14 1 42 34 21 273 21 98 1 1842, 5001. 1842, -1974. 35132. 5001. 5001. 26 34 0 8 26
ki 2 42 34 21 126 21 98 1 395. 5001. 385. 2237. 2369. 5001. 5001. 26 34 0 8 26
15 1 45 37 21 254 21 77 1 1448. 4606. 1448. -236%. 5527. 4&06. 4606, 29 37 0 8 29
5 3 45 37 21 84 21 77 1 395, 4606, 395. 2632. 1579. 4e06. 4ele6. 29 37 0 8 29
16 1 48 40 21 315 21 56 1 1053. 4211. 1053. -2764. 5922. 4211. 4211. 32 40 a 8 3z
8 2 48 40 21 147 21 56 1 395, 4211. 395. 1023. 2764, 4211. 4211. 32 40 0 8 3z
4 4 48 40 21 63 21 56 1 395. 4211, 395. 2632, 1184. 4211. 4211. 32 40 0 8 32

17 1 51 43 21 338 21 35 1 658. 3Ble. 658. —-3158. ©€317. 38l16. 38le. 35 43 0 8 35
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TABLE 16
PARAMBTERS FOR BUNCH SPACING OPTICNS;
punch spacings in Rf buckets, kicker times in nsec
numcer of bunches per batch omitted to form an extension of the akort gap = 4

Options restricted to those appropriate for proton injection:
nZ = 1 only, and the kicker times satisfy the following limits:
proton lnjection kicker rise time greater than 350.000 nsec
proten injecticn kicker fall time greater than 900.000 nsec
abort kicker rise time greater than 2200.000 nsec

nl nZ b bg 10 1b 11 12 n prise pfall pbrise pbfall flatt abortg abrise blcol dlcel nblc nble nb2c

4 1 12 4 84 252 84 119 4 2237, 14871. 0. 0. 4738. 14871. 14871. ¢} 4 0 4 [
5 1 15 7 63 252 63 119 3 2237. 11712, a. 0. 4738, 11712, 11712. 2 7 ¢ 5 2
[ 1 18 10 42 210 42 161 2 3027. 9344. . 0. 3948. 9344. 9344. 4 10 0 [ 4
7 1 21 13 42 252 42 119 2 2237. 8554. 0. 0. 4738. B554. B8554. 3 13 0 7 [
8 1 24 ig 42 294 42 77 2 1448, 7764, 0. 0. 5827, Tied. 7764l 8 18 ] 8 8
9 1 27 19 21 1e8 21 203 1 38le. 6975, 0. 0. 3158. 8975, 6975, 11 19 ¢ 8 11
10 1 30 22 21 189 21 182 1 3422. 6580. 0. 0. 3553. 6580. 6580. 14 22 o] 8 14
11 1 33 25 21 210 21 1el 1 3027. 6185, a. 0. 3948. ©185. 6185. 17 25 0 8 17
12 1 36 28 21 231 21 140 1 28632, 5790. 0. 0. 4343, 5790. 5790. 20 28 0 8 20
13 1 39 31 21 252 21 119 1 2237. 5396. 0. 0. 4738. 5396. 5396. 23 31 0 8 23
14 1 42 34 2y 273 21 EX] 1 1842. 5001, 0. 0. 51i3z. 5001. 5001. 26 34 0 8 26
15 1 45 37 21 294 21 77 1 1448. 4e€06. 0. 0. 5827. 4606. 4606. 29 37 0 8 25
15 1 48 40 21 315 21 56 1 1053, 4211, 0. 0. 5922, 4211. 4211, 32 40 0 ] 32

17 1 51 43 21 336 21 35 1 658. 3816. 0. 0. &317. 3816. 38le. 35 43 0 8 35
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TABLE 17

PARAMETERS FOR BUNCE SPACING OPTICNS;
bunch spacings in Rf buckets, kicker times in nsec
nunbar of bunches per baten omitted to form an extension of the abort gap = 4

Options restricted to those appropriate for antiproton injection:
nl less than or equal to 4, and the kicker times satisfy the following limits:
antiproton injection kicker rise time greater than 350.000 nsec
antiproton injection kicker fall time greater than 900.000 nsec
abort kicker rise time greater than  2200.000 nsec

ni n2 b bg 10 b 11 12 n prise pfall pbrise pbfall flatt abertg abrise blcel d0cel nbklc nblc nk2c

4 1 12 4 84 252 84 119 4 0. 0. 2237. 789%6. 4738. 14871. 14871. 0 4 0 4 0
4 pi 24 16 472 126 42 77 2 0. 0. 790, 4606. 2369, 7764, T704. 8 16 0 8 8
4 3 36 28 21 63 21 1490 1 0. 0. 395, 4211. 1184. 57%0. 5790. 20 28 0 8 20

4 4 48 40 21 63 21 56 1 0. 0. 395, 2632, 1isd4. 4211. 4211. 32 40 0 ] 32

ge
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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



Table 18:
A summary from tables 3-170f the basic parameters ol the best eption for cach value ol np
For both 21 and 42 bucker minimum spacing

Minimum bunch spacing 21 RF buckets = 395 nsec.

B =3m Actual ng 3ng Proten Proton Proton ny 3nz Pbar Pbar Pbar Abort Fractional
nz number  (protons) (protons) injection imjection injection (Pbars) = (Pbars) = injection injection injection gap= luminosity
of = number = number kicker kicker flat kicker fali number number kicker kicker flat kicker fall Abort reduction at
bunches = of of proton rise time 1op (nsec) time of Pbars/ of Pbar rise time top {nsec} time kicker BO= fraction of|
B- 2ng protons/ injection (nsec) (nsec) batch injection  (nsec) {nsec) rise time the bunches
batch cycles cycles (msec) which have

only 1 head-on
interaction per

turn { %)
1} 16 36 12 3 2632 4343 2632 4 2 395 1184 1053 2632 '8
1 45 43 15 3 1448 5527 2237 3 15 195 750 1053 2237 4.6
Z 43 44 16 3 1853 5922 2632 4 12 395 1184 1053 2632 2.1
3 48 42 16 3 1053 5922 3422 ] 12 395 1184 1842 3816 14,2
4 48 40 16 3 1053 5922 4211 4 12 3195 1184 2632 4211 20
Minimum bunch spacing 42 RF buckets = 790 nsec.
B =3ny Actual n 3ng Proton Proton Proton n 3ng Pbar Pbar Pbar Abort Fractional
n2 number (protons) (protons) injection injection injection (Pbars) = (Pbars) = injection injection injection gap= luminosity
of = number = number kicker kicker flat kicker fall number number kicker kicker flat kicker falt Abort reduction at
bunches = of of proton rise lime top {(nsec) time of Pbars/ of Pbar rise lime top (nsec) time kicker BO= fraction of
B- In, protons/ injection (nsec) {nsec) balch injection (nsec) (nsec) rise time the bunches
batch cycles cycles (nsec) which have
only 1 head-on
interaction per
torn (%)
2 138 13 (3 k3 2027 3648 3027 A 9 799 120 14438 3027 ¢
L 24 22 -3 k3 1448 3527 3027 2 12 7%0 790 1448 3027 9.1
2 24 20 8 3 1448 5527 4606 4 6 790 2369 1448 4606 20
3 24 18 8 3 1448 5527 6185 4 6 790 jo2r 2369 6185 333
4 24 16 8 3 1448 5527 7764 4 6 790 4606 2369 7764 50

ok




